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SOIL REACTION IN oe TO CALCIUM ADSORP- 
ION! 


By C. O. SwANson ? 
Professor of Agricultural Chemistry, Kansas State Agricultural College 


DISCUSSION OF TERMS AND STATEMENT OF THE PROBLEM 
SOIL REACTION AND LIME REQUIREMENT 


Various terms are found in soil literature relative to soil reaction. 
‘Soil acidity” often refers to the reaction of moist soil toward some 
indicator such as litmus or phenolphthalein. “Lime requirement” 
refers to the amount of a calcium compound necessary to change the 
reaction to some chosen standard, usually the color change of phenolph- 
thalein. ‘The minimum amount of lime required to change the reaction 
to this standard is referred to as the “immediate lime requirement,” 
while “continuous lime requirement” is an expression of the amount 
of lime needed to keep the soil at the desirable reaction for a period of 
time. 

ACID, NEUTRAL, AND ALKALINE SOLUTIONS 


The large amount of work done in recent years on hydrogen-ion concen- 
tration has served to clarify the meaning of the terms acid, neutral, 
and alkaline. All aqueous solutions contain, no matter what else is 
present, hydrogen ions and hydroxy] ions. In a neutral solution the 
respective concentrations of these two ions are equal. In an acid solu- 
tion the hydrogen-ion concentration is in excess of the hydroxyl-ion 
concentration, while in an alkaline solution the reverse is true. These 
ideas of acidity, neutrality, and alkalinity are applicable to water sus- 
pensions and water extracts of soil. 


THE EXPRESSION FOR SOIL REACTION 


In this paper the degree of soil reaction refers to the numerical value 
of the hydrogen-ion concentration as determined by the hydrogen 
electrode. This value can also, with certain restrictions, be determined 
by the use of indicators. Gillespie (74)* found that there was a fairly 
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close agreement in the values obtained by the use of the electrometric 
and the colorimetric methods. The method of expressing this value 
by the symbol Py and some number is well known. Extensive bibli- 
ographies relative to hydrogen-ion concentration are given by Schmidt 
and Hoagland (40) and by Clark (7). 


ADSORPTION AND ABSORPTION 


By adsorption is meant a combination of chemical substances such 
that the resulting product is neither a definite chemical compound nor 
a homogeneous mixture. When CO, combines with CaO the product 
at equilibrium is a definite chemical compound. When HCl is added 
to water the product is a homogeneous substance. When this acid 
mixes with water there are no such surface phenomena as are found 
when a solid phase is present and absorption is used as the descriptive 
term. With adsorption are associated the ideas of surface and heter- 
ogeneity. When varying quantities of Ca(OH), are added to soil in 
the presence of water a series of definite chemical compounds may be 
formed even though their presence would be difficult to prove or disprove. 
That the amount of Ca(OH), taken up by a given quantity of soil is 
governed by various factors, one of which is the amount of clay, indi- 
cating a large extent of surface, was shown in a former publication (44). 
That the combination of soil and Ca(OH), when mixed in various 
amounts is neither a homogeneous mixture nor probably a definite 
chemical compound will be evident from the data to be presented. 
No attempt has been made to determine chemical equilibrium in this 
investigation; it is very probable, however, that definite chemical 
compounds form at equilibrium. Since there are surface phenomena 
and heterogeneity, the term adsorption rather than absorption is used, 
although some writers, notably Lyon and Buckman (31, p. 263) prefer 
the latter term. 


HYDROGEN ELECTRODE IN USE WITH SOIL 


A large amount of work has been done and many papers published 
on the subject of soil acidity. McIntire (33), Fisher (73), Ames and 
Schollenberger (2), as well as others, have discussed this subject fully 
and given extensive citations to literature. A study of the data pre- 
sented by different investigators will show that the results obtained are 
dependent upon the methods used in making the determinations, The 
results from one method are therefore comparable with those of another 
only in a general way. The hydrogen electrode, as a means of measur- 
ing the hydrogen-ion concentration in soil, has not yet been used as 
extensively as some of the other devices. It has been employed to a 
limited extent in soil investigations by Gillespie (14), Plummer (37), 
Knight (26), Sharp and Hoagland (41, 23), Swanson et al. (44), and 
others. 

To indicate qualitatively the hydrogen-ion concentration in a soil 
suspension or a soil extract, the hydrogen electrode offers a comparatively 
simple and rapid procedure, and the results are probably more accurate 
than those obtained by any other method. Electrometric titration as a 
means of determining the amount of acid or alkali required to titrate 
to the neutral point, or to change the Py present to that of any other 
desired P, can be used rapidly and successfully with many substances 
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for which indicators are unsuited. With soils electrometric titration 
has not come into extensive use because of certain inherent difficulties 
that have been pointed out by those who have used the method (26, ¢r). 
Some of these will be discussed later. 


RELATION OF INTENSITY AND QUANTITY OF ACIDITY 


The Py, value obtained by the hydrogen electrode on a soil suspension 
gives a measure of the actual amount of hydrogen ions present under the 
conditions of the experiment. This is often designated as “intensity 
of acidity” (14) and is very different from the total quantity of hydrogen 
ions which may be produced by the gradual introduction of hydroxyl 
ions. This point may be illustrated ‘with the following example: A 
certain solution gives a reaction equivalent to Py 5. This means that 
there is present 0.00001 gm. hydrogen ions per liter of solution. Sup- 
pose that in this case it takes five cc. of a 0.04N hydroxid to bring 1,000 
ce. of this solution to Py 7. Five cc. of 0.04N hydroxid solution con- 
tain enough hydroxyl ions to react with 0.0002 gm. hydrogen ions. In 
other words, if a liter is titrated, the figure which represents the total 
acidity is 20 times greater than the figure which represents the intensity 
of acidity. If it takes 5 cc. of 0.04N hydroxid to change too cc. from 
Py 5 to Py 7, the total acidity is 200 times greater than the figure which 
represents the intensity. 


DIFFICULTY IN THE USE OF THE HYDROGEN ELECTRODE WITH SOIL 


In speaking of the electrometric titration of soil with standard 
Ca(OH),, Sharp and Hoagland remark (41): ‘“‘Such a method is logically 
adapted to obtain the information necessary for the proper adjustment 
of the soil reaction by the addition of lime. There are, however, certain 
difficulties met with in its application to soils. One of the chief difficul- 
ties is due to the relative insolubility of the acid-forming constituents of 
soil which prevent a rapid attainment of equilibrium.”’ Data given by 
these investigators show that the time necessary to attain equilibrium 
varied from 3 to 110 hours. This time factor and other difficulties are 
also discussed by Knight (26). That the direct electrometric titration 
of a soil suspension is a tedious and difficult operation is known to any- 
one who has tried the method. The direct titration was used in a former 
investigation (44), and it was noted that if observations were made soon 
after the introduction of the Ca(OH), solution into a soil suspension it 
would usually be found that the voltage reading was greatly increased. 
If readings were taken at, say, five-minute or longer intervals, it would be 
found that the reading decreased, or the H-ion concentration gradually 
increased. ‘This means that H ions are produced by more of the acid- 
forming constitutents going into solution. This change may continue 
until a Py value of, say, 6 or 5 is obtained, showing that if neutrality is 
desired more hydroxid must be added. As soon as this is added the 
voltage reading again suddenly goes up, numerically, probably beyond 
the equivalent of Py 7. This does not necessarily mean that too much 
or even enough hydroxid has been added. The readings will again 
gradually decrease, Showing that hydroxid must again be added if 
neutrality is to be attained. It is mecessary to repeat this process 
several times, until equilibrium is established at Py 7, or any other 
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desired figure. Furthermore, the nearer the value approaches the neu- c 
tral point the longer time is required to attain equilibrium. This is a 


particularly true with clay and silt soils. 2 
The fact that on soils a Py value,may be obtained which indicates c 

a larger H-ion concentration than hydroxyl-ion concentration means c 

that the acid-producing substance is soluble and ionized, even if the I 

degree of such solubility and ionization is small. Regardless of whether t 

it is large or small, the gradual introduction of OH ions causes a change 

such that more hydrogen ions are produced. The slowness of this change 

is the fundamental difficulty in using the hydrogen electrode as the 

basis of a quantitative method for soil. Sometimes the complicated and 

expensive apparatus necessary is cited as an objection, but this is no 

more valid for soil than for the large number of other substances on which 

electrometric measurements are made accurately and rapidly. 


THE PROBLEM INVESTIGATED 


The experiments presented in this paper were prompted by a desire to 
overcome some of the difficulties encountered in the use of the hydrogen 
electrode for the quantitative measurements involved in the adjustment 
of the hydrogen-ion concentration of a soil suspension to any other 
desired concentration. At the same time, it was desired to study some of 
the phenomena associated with the adsorption of calcium when added to 
the soil in the form of a Ca(OH), solution. The time of the investigator 
is an important factor. To eliminate the time factor as an objection 
to the use of the electrometric method for soil, it is necessary to devise 
apparatus and methods which require the minimum amount of con- 
tinous attention. 

For work on soil acidity neutral salts have been much used. A neutral 
salt, such as KCl, also forms a part of the electrical connection between 
the electrode vessel and calomel cell. For these reasons this salt was 
included in the work here presented. The relative solubility of the acid- 
producing substance was studied by making measurements on both 
suspensions and extracts of soils. Calcium was for the most part added 
in the form of a Ca(OH), solution. In some experiments precipitated 
CaCO, was used in addition to the Ca(OH),. F 





METHODS OF EXPERIMENTATION 


SPECIAL APPARATUS 


The potentiometer system, essentially as outlined by Hildebrand 
(2r) was used in this investigation. The apparatus consists of the 
following principal pieces: One Weston direct-reading laboratory standard 
voltmeter, No. 5; one Kohlrausch slide-wire bridge, one Leeds and North- 
rup No. 2500 type R galvanometer with lamp and scale, Edison storage 
batteries, and other necessary accessories. The saturated potassium 
chlorid-calomel cell was chosen as best suited for soil work. Fales and 
Mudge (z2) have shown that this type is the most reliable. 

An apparatus was devised by which it was possible to have six elec- 
trodes in operation at the same time, so arranged as to require very 
little continuous attention. ‘The position of these electrodes with reference 
to one another and the wiring arrangement are shown in figure 1. A 
side view of one of thé combinations of hydrogen electrode and calomel 
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cell is shown in figure 2. The frame holding the six electrode vessels 
is supported by an iron rod passing through a hole over the center of 
gravity. The electrode vessels can be shaken continuously by means 
of the apparatus represented in figure 3. The shaking apparatus is 
operated by an electric motor producing about 120 agitations per 
minute. The hydrogen electrode, shown in figure 4, is constructed on 
the same plan as Hildebrand’s (27). The hydrogen was made electro- 














£ 3 


Fic. r. iam illustrating the arrangement of the electrode vessels on a supporting frame which is 
rotated from below by means of a pulley, thus giving the desired amount of shaking. Each pair, com- 
prising electrode vessel and calomel cell, is wired independently and is connected to the potentiometer 
by means of its own switch, shown at the right, through the main switch S. The individual switches 
are numbered with Roman numerals, and each corresponding bottle used as electrode vessel is num- 
bered with the same numeral. The hydrogen enters at H and is distributed to the six electrode vessels. 
The rate of flow to each is controlled by an ordinary glass stopcock. Water for washing the electrodes is 
admitted from below at W and enters the electrode through the same tube as the hydrogen. 





lytically and obtained compressed in iron cylinders. It was purified in 
a train of saturated solution of HgCl,, alkaline pyrogallic acid, alkaline 
permanganate and distilled water. 


SOILS AND OTHER MATERIALS USED 


The general plan was to make an intensive study on one soil and then 
extend certain phases to other soils and other materials. Oswego silt 
loam was selected for the more extended study. The sample was taken in 
southeastern Kansas, where acid soils are more common than in the rest 
of the State. It contained a small amount of calcium and was moder- 
ately acid. A characteristic feature of this type of soil is the compact, 
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heavy subsoil. Soil samples, representing different types taken during 
the soil survey in various parts of the State, were available for certain 
phases of the work. ‘The soils were ground in a ball mill to pass a 100- 


Fig.2. 
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Fic. 2.—Side view of electrode vessel with calomel cell and accessories, ‘The hydrogen enters at H, and 
water for washing the electrode is admitted at W from a reservoir above; thus both hydrogen and water 
reach the electrode through the same tube I. Water is admitted only when it is desired to wash the 
electrode between determinations. The hydrogen may be used to blow out the surplus water after 
washing. Therate of hydrogen flow is controlled by the stopcock in the tube H. A is the reservoir for the 
potassium chloride solution, connecting directly with the calomel cell B below and the electrode vessel M 
through the capillary tube C. The stopcock K can be an ungreased ordinary glass stopcock, or a Mohr’s 

inchcock may be used on arubber tube. N, outlet tube for spent hydrogen, which es through water 
in the bottle below. Instead of this arrangement a Bunsen valve may be used. KE, wire from the hy- 
drogen electrode. F, wire from the calomel cell. ‘The pairs of wire goto the individual switches shown in 
Figure 1, O, iron rod which supports the frame holding the six electrode vessels. 


mesh sieve. As all were free from fine gravel and stones this grinding 
did not alter the texture. Besides these soils there were used ignited 
soil, acid-treated soil, leached soil, and fuller’s earth. 
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CALCIUM HYDROXID AND WATER FOR DILUTION 


The calcium hydroxid solution was made by adding distilled water to 
an excess of calcium oxid and allowing to settle. The titration value and 
calcium in a measured portion had to be determined frequently, as it was 
found that the concentration would change slightly on standing in con- 
tact with an excess of solid Ca(OH),. For some of the work, solutions of 
definite Ca(OH), concentrations were made. ‘To make these was time- 
consuming; furthermore, it was impossible in practice to maintain a con- 
stant concentration for any considerable period of time. A more satis- 
factory procedure was 


to use a saturated j 
Ca(OH), solution of 
known strength, and ,{> Ao C 


to adjust the relative “i— 
proportions of soil, 
Ca(OH), solution and 
water in such a way 
that a definite number 
of ce. of the Ca(OH), 
solution would repre- 














sent the number of D —2 

milligrams of calcium © 

desired per 10 grams =, @-« 

of soil. bed ‘ ° 
When ordinary dis- J 


tilled waiter was ‘sesh, Ps, s--seserntos Sr lenis cs edopore forthe, dectrede verse 
j ; “4 is fas in an ordinary dl er. e radi 
it was purified by bub- ithe circle described by the crank pin C can be changed by adjusting 
bling air free of co, the screw * B. br ssrengumntat od ~ — the — of 
through it for about t Shaking. ee e vessels can subjected to any desired degree 
five hours. At the 

end of this time 100 cc. would give a distinct color with 1 drop of 0.05N 
NaOH, using phenolphthalein as an indicator. For most of the work 


water made in a conductivity still was used. 


RELATIVE AMOUNTS OF SOIL, LIQUID, AND CALCIUM 


On the basis of some preliminary work, and also the work of Sharp and 
Hoagland (412), Plummer (37), and others, it was decided to use soil and 
liquid in a ratio of 1:10, The amount of soil and other materials used in 
the different determinations were such that the final data are on the basis 
of 10 grams of soil. A saturated solution of Ca(OH), has a normality of 
about 0.042, but for convenience in final calculations the dilutions of the 
Ca(OH), solution were calculated to the basis of 0.04N, or a definite frac- 
tion of this normality. Five cc. of 0.04N Ca(OH), solution contain 4 
mgm. of calcium, or the equivalent of 1o mgm. CaCO,. This gives a ratio 
of 1:1,000 when 10 grams of soil are used, or, figuring the weight of soil 7 
inches deep at 2,000,000 pounds, the equivalent of 1 ton per acre. Ac- 
cordingly each cc. of 0.04N Ca(OH), represents 400 pounds of CaCO, per 
acre. In a few of the experiments, where calcium hydroxid solutions of 
definite concentrations were used, there is a variation from thisratio. In 
such instances the exact amount of calcinm added per 10 grams of soil is 
given. 
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PREPARATION OF THE SOIL SUSPENSION 


Soil, water, Ca(OH), solution, or other chemical, two or more as the 
particular experiment called for, were placed in 500 cc. wide-mouth 
bottles and closed with rubber stoppers. These were then placed on a 
shaking machine which had a 2-inch forward and back motion at the 
rate of about 90 vibrations per minute. From preliminary experiments 
it was found that it was best to leave the soil in contact with the 
Ca(OH), for about 24 hours. Experiments in which contact existed for 
48, 72, and 96 hours indicated that slight chemical 
changes took place after 24 hours, but so small in fact 
as not to interfere with the main purpose of these 
Ht experiments. The usual plan was to prepare the mix- 
}| tures in the afternoon, shake for an hour, let stand 
i over night and then shake for a while the next morn- 
ing. ‘The suspensions were then transferred to 250 
cc. wide-mouth bottles used as electrode vessels, and 
the electrometric measurements made the same day. 
As six of these measurements were carried on simul- 
Ml taneously, 12 or 18 determinations were a convenient 
‘i day’s work with those suspensions or extracts which 
i! attained equilibrium in the usual time. 








ill PREPARATION OF SOIL EXTRACTS 


For the extracts 20 gm. of soil and 200 cc. of Ca(OH), 
were generally used. These quantities were suffi- 
cient to produce 100 cc. of material for the titra- 
tions and calcium determinations and at least 50 cc. 
for the electrometric measurements. After shaking in 
the same manner as for making the suspensions the 
soil was allowed to settle. When the quantity of elec- 
trolytes present were sufficient to cause coagulation, 
a clear solution could be obtained by pipetting off 
the supernatant liquid. In other cases the contents 
| of the bottles were transferred to 500 cc. bottles and 





























| centrifugalized for about five minutes. The centrifugal 
Jal | @ force attained was about 1,300 times gravity. A per- 
a. fectly clear solution was not always obtained by this 








Fic. 4.—Hydrogen elec- 
trode supported in 
rubber stopper which 
fits the bottle used as 
electrode vessel. C, 
capillary glass tube 
making connection 
with the saturated 
potassium chloride 
calomel cell. B, glass 
tube through which 
excess may es- 
cape. The hydrogen 

enters at D. 


method, as some colloidal clay frequently remained 
in suspension. The opalescence was approximately 
that obtained by long-time settling of clay in water. 
This did not interfere with the titrations, and usually 
did not interfere with the calcium determinations. 
Some calcium silicate may have been present in colloidal 
suspension and may account for a small part of the 
calcium obtained in some extracts. The colloidal 
matter seemed to affect the electrometric measure- 
ments, making them more uncertain and reducing 


the number of times an electrode could be used before replatinizing. 


TITRATION AND CALCIUM DETERMINATION 


The titrations were made by means of 0.05N HCl and 0.05N NaOH, 


using phenolphthalein as an indicator. 


The extracts were usually 


boiled before titrating. The maximum difference in titrating 100 cc. 
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of boiled or unboiled extracts was 0.2 to 0.3 cc. of the standard solution. 
These figures are within the limits of the error of any data used asa 
basis for conclusions in the present investigation. The portion used 
for titration was also used for the determination of calcium. The ex- 
tracts were made acid with HCl and the calcium was precipitated as 
oxalate in the presence of NH,Cl and sodium acetate. The oxalate 
was filtered on asbestos, dissolved in H,SO, and titrated with 0.05N 
KMnQ,. 
MAKING THE ELECTROMETRIC MEASUREMENTS 


Before using, the electrodes were tested by making a blank deter- 
mination on a standard acetate solution (4, 35). This blank determina- 
tion was made every day. Experience showed that if the electrodes 
were carefully washed after each determination they could be used 
three or four times before they needed to be replatinized. The hydrogen 
was bubbled through the suspensions or extracts contained in the elec- 
trode vessels, which were shaken continuously during the measurements. 
Readings were taken at such intervals as were found necessary, and 
continued till they remained constant, within 1 millivolt, for five minutes 
or more. Most soil suspensions or extracts did not come to an apparent 
equilibrium in much less than an hour, and many required a longer 
time. Extracts or suspensions, the reaction of which is near Py 7 come 
to equilibrium much more slowly than those of a higher or lower Px. 
This was particularly true if CaCO, was present. In some such cases 
the material required as much as five or six hours to come to equilibrium. 
The tables of Schmidt and Hoagland (40) were used for calculating the 
Py values corresponding to the voltmeter reading, the necessary cor- 
rection for the saturated calomel cell being made. 


EXPERIMENTAL RESULTS 


GROUP A.—INFLUENCE OF CALCIUM HYDROXID, CALCIUM CARBONATE, 
POTASSIUM CHLORID, HYDROCHLORIC ACID, AND OXALIC ACID, SINGLY 
OR IN COMBINATION, UPON Pq OF SUSPENSIONS AND EXTRACTS OF 
NATURAL SOIL; ALSO UPON THE TITRATION AND CALCIUM CONTENT 
OF THE EXTPACTS 


EXPERIMENT 1.—SOIL-+WATER 


It has been shown by several investigators (23, 37, 41) that the 
reaction obtained on a soil suspension in water is different from that 
obtained on a filtered extract. This difference is due to the relative 
insolubility of the acid-forming substance. In Table I are found the 
P, values obtained on four soils, together with the titration values on 
100 cc. extract and the amount of water-soluble calcium. The extracts 
of these four soils came to equilibrium very slowly. These extracts 
were not boiled before titrating, and so contain the maximum amount of 
CO, likely to be present in such extracts. The amount of-calcium ob- 
tained i is small. This was to be expected, sitice the total calcium content 
of these soils is low. 
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TABLE 1.—Py on water suspensions and extracts of soils, titrations, and calcium content 











of extracts 
Soil type. | Suspension. | Extracts. sont f Citients 

— 

, Pu P. Ce. Mgm. 

Nessie ett loam)... 6. I kf 6. 48 | 8. 54 ©. 45 1.0 
CPOWORS WIG MOMID os Se cec cscs bse cess eat | 5. 66 8. 50 . 40 1.3 
Bates very fine sandy loam............. 4. 82 8. 50 . 50 <9 
DOE TONED sn cin isc egies Obs aeRSe ead 7. 56 8. 61 - 50 1.9 














Rice and Osugi (39) found that the suspensions of many soils would 
invert cane sugar, while the extracts of such soils had little or no power. 
Soils containing calcium in equilibrium with HCO, and CO, have an alka- 
line reaction (23). 

In some cases, in connection with experiments reported in this paper, 
titrations were made on the water extracts used for the electrometric 
measurements. In such cases the hydrogen removed the CO,, and one 
drop of the o.o5N NaOH would produce a color with the indicator. This 
means that the titrable acidity of the extracts in Table I was due to 
carbonic acid. The maximum error of titration in any experiment due 
to the presence of CO, was therefore small, and when the CO, was removed 
by boiling or by bubbling hydrogen it was nil. ‘The slowness of attaining 
equilibrium when CaCO, was present was evidently due to the slow decom- 
position of this substance under the conditions of the experiment. 


EXPERIMENT 2.--SOIL -+- WATER + POTASSIUM CHLORID 


The same soils were used as in Experiment 1, but in making the sus- 
pensions and the extracts enough of a 3N KCI solution was added to 
make the liquid in contact with the soil o.5N KCl. Preliminary experi- 
ments showed that it made no material difference at what point in the 
preparation that KCl was added. In all of the experiments where this 
salt was used the amount was such as to make the concentration 0.5N. 
The results obtained are presented in Table II. 


TABLE II.—Px on suspensions and extracts of soils made with a solution of KCl and 
the calcium content of the extract 


| 











Soil type. Suspensions.| Extracts. Chee 
| 
Pu | Py Mgm. 
PEDO MOOI sw ror ag hss cpa cy adastene sn phs 5. 83 | 7.29 8.0 
CEE ER MNT nn oss Fue Soe dr tcp cee vets eee: 5. 02 | 6. 61 14.1 
Bates very fine sandy loam........0...........05. 4. 51 | 4.95 7.0 
Bites ine J... uiolea. sicidiuntatusx. do. dia 6. 48 | 6. 97 21.5 





The presence of the neutral salt, KCl, increases the hydrogen-ion 
concentratién -both in the suspensions and in the extracts. This would 
indicate that the acid-furmiug substance is more soluble in a KCl solution 
than in water. Sharp and Hosgland (41) found that other neutral 
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salts such as NaCl and BaCl, as well as KCl increased the hydrogen-ion 
concentration of certain soil suspensions. What happens may be pic- 
tured as follows: 

KCl = K*+t+Cl- 

HOH = OH-+Ht 


The increase in hydtogen-ion concentration is due to the greater ad- 
sorptive capacity of soil for the K*+ and OH™- ions. According to 
Parker (36) molecular adsorption of KOH may also take place. 

It will be shown in a subsequent experiment that the amount of cal- 
cium made soluble in a 0.5N KCI solution is very nearly the same as in 
0.5N HCI solution. The above equations show that it is simply a reac- 
tion of calcium with chlorinions whether the solution is made with 
HCl or KCl. 


EXPERIMENT 3.—SOIL ++ CALCIUM CARBONATE ¢ 


Precipitated CaCO, was added in definite amounts to 10 gm. of soil. 
Two groups of mixtures were prepared. One group was placed in 
125-cc. wide-mouthed glass-stoppered bottles, sealed, and let stand for 
6 weeks, with occasional shaking. On this group the P, values were 
determined on the suspensions only. The other group was given the 
usual 24 hours contact and the P, values were determined on both the 
suspensions and the extracts. ‘The results are presented in Table III. 


TABLE III.—Pg on water suspensions and extracts of soils to which CaCO, had been added 





Oswego silt loam. | Bates very fine sandy loam. 





Calcium added. 6 weeks. 24 hours. | 6 weeks. 24 hours, 





ce Y ce 


Suspension, | Suspension.| Extract. | Susp Pp 











} 
| 
ie’ | 
66 | 6. 24 





Mom. Py Pa Py Pg P. Py 
Pe es Vig ee tee 7.46 6. 00 6. 31 7.79 5 
G50. di Heals «i 7.93 7.05 6. 64 8. 10 6. 30 7.59 
fOn@. fis taless . 8. 10 7. 83 8. 34 8. 10 7.79 8. 23 
ee 8. 13 7.93 8. 42 | 8. 40 8. 30 8. 10 
ONT SESE, 5 Shae 8. 37 8. 13 8. 93 8. 40 8. 37 8. gr 














i 





Calcium added in the form of CaCO, will change the hydrogen-ion 
coficentratiog of a soil suspension, and the amount of change up to a 
certain point is proportional to the quantity of CaCO, added. Ina 
supplementary experiment it was found that the P, for suspensions 
prepared from soils to which increasing quantities of CaCO, were added 
would approach a maximum of about 8.50, and remain at this figure 
regardless of the quantity of CaCO, added, up to 20 tons equivalent per 
acre. When the same amount of CaCO, is added to soil, a long-time 
contact produces a greater hydroxyl-ion concentration than a short 
time. The acid-producing substance in soil liberates its hydrogen ions 
very slowly. It has been shown by Hagar (15) and McIntire (32, 
Pp. 41-45,) that CaCO, undergoes profound changes in soil. 





‘ As water was used in all of the experiments in such amounts as to make the proportion of soil and liquid 
t:10, the presence of this substance is to be understood. 
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EXPERIMENT 4.—SOIL-+-CALCIUM CARBONATE+POTASSIUM CHLORID 


In this experiment KCl was added to the soil in addition to the CaCO,, 
and the time of contact was 24 hours. The results for P, titrations 
and calcium are presented in Table IV. 


TABLE IV.—Py on suspensions and extracts of soil+-CaCO, made with a solution of KCl; 
also the titration and calcium content of the extracts 





| Oswego silt loam, | Bates very fine sandy loam. 
| 
| 





Suspen- Bixtract: 0.05 N Cain Suspen- 


0.05 N Ca in 
sion, 


HCl, extract. sion. Extract. HCl. extract. 











Mgm Py Pu cre Mgm. Py Pu Le: | Mgm. 

i ee eee 5.6 me 0.0 14.1 2 sr) —arz| 8.2 
GM. shia step 6.0 7.6 ark. 17.7 5.6 6.3 ret 9. 4 
ne a 8.3 a) 19.8 7.2 8.4 .0 13.6 
etree BP ae 8.4 .4 20. 4 7.8 8.4 mag’ 18.7 
WO ee ee eis 7.6 8.5 -4 24.4 8.0 8.4 15 19. 6 























| 
| 
{ 





When salts like KCl, NaCl and CaCl,, each composed of ‘a strong base 
and a strong acid, are added to soil the H-ion concentration of the soil 
suspension is increased. CaCO, is a salt of a strong base and a weak 
acid. When carbonates were added to soil (Experiment 13) the H-ion 
concentration of the suspension was decreased. In Experiment IV the 
KCI increased the hydrogen-ion concentration, even in the presence of 
CaCO,. The calcium in the extract was dissolved by KCI partly from the 
soil and partly from the added CaCO,, but only a part of the added 
CaCO, was dissolved. When 40 mgm. of calcium were added in the form 
of CaCO,, the amount obtained in solution was only about 10 mgm. 
more than when 2.5 mgm. were added. 

The titrations with 0.05N HCl were made on the same solutions in 
which the calcium was determined. Each cc. of this standard HCl 
solution is stoichometrically equivalent to 1 milligram of calcium as a 
carbonate or as a hydroxid. The small values of the titer figures show 
that very little calcium was present in such forms. ‘The KCl furnishes the 
conditions essential for changing the calcium to CaCl, and it is probable 
that the calcium was present in the form of a neutral salt. The high 
hydroxyl-ion concentrations obtained with the larger amounts of CaCO, 
were due to the presence of the ions HCO,, CO,, and Ca, Which are ions 
of a weak acid and a strong base. 


EXPERIMENT 5.—SOIL-+-CALCIUM HYDROXID 


In this and the following experiments Oswego silt loam was used 
unless a statement to the contrary is made. The Ca(OH), solution 
was added to the soil in increasing amounts, beginning with 2.5 mgm. 
and running up to 80 mgm. of calcium equivalent for 10 gm. of soil. 
These amounts represent from one-third ton to 20 tons equivalent of 
CaCO, per acre. The results are given in Table V. 
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TABLE V.~-PH on ‘suspensions and extracts of soil + Ca(OH), also titrations and 
calcium content of extract and calcium adsorbed by soil 








Calcium added. | Suspension.| Extract. ae pp oe aw Ay pe roar che ag ered 
Mom Py P>; Ce, Mom. Mom. Mom. 
Pt ee eee 6. 14 8. 06 —O.1 2.4 0.0 ae 
g Secvngisr ti 7. 08 8. 20 —.1 2.3 re) 5-90 
PGcicsesepteccrd 7-45 8. 54 ° 2.0 —.3 8.0 
BE, Gigi OVA ye 7.90 8. 7 -4 2.3 ° 12.0 
My Oa isd cw does 8. 13 8. 88 -4 2.7 4 15-6 
DODine esendiars » 8.71 8. or .§ 3-7 1.4 18. 6 
BOW ss oe dis tapivie'e 9: 55 9. 38 -6 4.0 1.7 26. 3 
BOD a itis se'sb-wesny t's 10. 46 TO. 23 8 4-7 2.4 33.6 
LGM 65 veces vas oss II. 07 II. 00 1.6 8.0 5-7 42.3 
GO Qin ins ce pede ey Il. 54 II. 41 3-5 13.0 10.7 49. 3 
BN: od couch § 0 eciaey 11. 85 II. 71 12.6 23.3 21.0 59. ° 























The figures for the smaller amounts of calcium added are the averages of 
several determinations. The P, values show that the hydrogen-ion con- 
centrations were higher in the suspensions than in the extracts until more 
than 16 mgm. of calcium had been added. Beyond 16 mgm. of calcium 
the P,, values for suspensions and extracts were nearly equal. In these 
the OH-ion concentration was so large as to mask the influence of any 
substance dissolved from the soil. The P,, values became equal in the 
suspension and the extracts when the adsorption of calcium ceased to be 
practically complete. This is shown in what follows. 

All of the extracts to which less than 16 mgm. of calcium were added 
contained nearly the same amounts of calcium. This calcium may be 
accounted for partly by the small amount of water-soluble calcium in the 
soil, and partly from the re-solution of adsorbed calcium. The water- 
soluble calcium from the soil was 1.3 mgm. In the presence of Ca(OH), 
this amount would be less. When Ca(OH), comes in contact with soil in 
such a water suspension as was used in this experiment it probably forms 
an adsorption compound. This compound: would be to some extent 
soluble in water (26) and would account for a larger part of the calcium 
in those extracts in which the adsorption was practically complete. Part 
of the calcium may have been present in a colloidal suspension, however, 
as shown by titration results; very little, if any, could have been present 
as a carbonate. 

The average amount of calcium found in the extracts, when'16 or less 
mgm. were added as Ca(OH),, was 2.3 mgm. The mgm. of the adsorbed 
calcium were obtained by subtracting 2.3 from the subsequent figures in 
the column. According to this calculation, adsorption can be considered 
complete until 16 or more mgm. of calcium were added and comparatively 
little remained unadsorbed until more than 36 mgm. were added. This 
shows the large adsorptive capacity of this soil for calcium when added in 
the form of Ca(OH),. Since 4 mgm. represent the equivalent of 1 ton 
of CaCO, per acre 7 inches deep, this soil requires the equivalent of be- 
tween 4 and 5 tons of CaCO per acre to produce a P, value in the suspen- 
sion corresponding to the color change of phenolphthalein. (See fig. 6.) 
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EXPERIMENT 6.—SOIL-+CALCIUM HYDROXID-+-POTASSIUM CHLORID 


This experiment was performed like Experiment 5, with the exception 
that KCl was used in addition to the Ca(OH),. The data obtained are 
presented in Table VI. In comparison with those in Table V, the data 
show clearly that the hydrogen-ion concentration was considerably in- 
creased by KCl, even when large amounts of Ca(OH), were added. In 
the presence of KCl more of the hydrogen ions are liberated from the acid- 
forming substances, and more Ca(OH), is required for neutralization. 
The absolute neutral point was passed when between 2 and 3 tons equiva- 
lent of CaCO, per acre were added in the form of Ca(OH),. The figures 
for the P, values in Tables V and VI present some variations not easily 
explained, probably due to some disturbing factors not understood. 


TaBLE VI.—Pg on suspensions and extracts of soil+Ca(OH),+KCl, also titrations 
and calcium content of extract, and calcium adsorbed by soil 








| | 
Calum added. | Sumpenson, | Hxtract. | TH35o9N | Calcumin |calsom aot) Glee 
Mom. Py. Pu. } Ce. Mom. Mom. Mom. 
0.0. . das» she ie 5.02 | 6. 61 | 9.1 14. 0 2.0 0.0 
BBaty cA Ves Pavone 5: 50 | 6. 70 | -.1 15.5 1.5 1.0 
BO unig ck ccony's Lh 5 Ares =I 16. 1 2.1 3-9 
A Lo Wt oe 6. 46 6.71 | —.1 19. 3 5.3 2.7 
BOO. 0 debe Bh 7.22 7. 25 | —.1 21.1 7.1 49 
WO 5 savage es ge 7.93 | 7-45 | —.2 23.3 7.3 8.7 
i esa ues pe 8. 50 | 7-76 | .o 23.5 9. 5 10. § 
GS 5 hate sects we 9. 32 | 8. 10 | .o 26. 5 12.5 15. 5 
GOs 6 05.520 PAR BOTS Poa 7k, th 5 29. 6 15.6 20. 4 
MO Sis SR II. 00 10. 94 | 1.0 35:0 21.0 27.0 
WOO iia Cater ngss 6 II. 41 II. 41 | 1.4 41. 2 27.2 32.8 

















The calcium in the extract came from that dissolved from the soil by 
KCl and also from the added Ca(OH),. The calcium not adsorbed was 
obtained by subtracting 14, the figure obtained when no Ca(OH), was 
added, from each subsequent figure. The figures so calculated for 
unadsorbed calcium are considerably larger than the corresponding ones 
in Table V. When KCl is present part of the soil’s capacity for adsorbing 
the base is satisfied, and less calcium is adsorbed. A little over half as 
much calcium was adsorbed in Experiment 6 as in Experiment 5. Even 
this amount of adsorption is large when the large excess of KCl is con- 
sidered, and it shows the great capacity of the soil for adsorbing calcium. 
(See fig. 6.) % 


EXPERIMENT 7.—SOIL+CALCIUM HYDROXID+CALCIUM CARBONATE 


The amounts of precipitated CaCO, equivalent to the calcium in the 
different portions of Ca(OH), used in Experiment 5 were mixed with the 
various portions of dry soil. The rest of the experiment followed the 
method of No. 5. The data obtained are presented in Table VII. (See 


fig. 5.) 
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TABLE VII.—Pg on suspensions and extracts of soil+-CaCO;+Ca(OH,), also titrations 
and calcium content of extract and calcium adsorbed by soil 














‘ aint Calcium | Calciam | Gatcium 
“GatOHs, | inGaGOs. | sit” | Extract. |o.osN HCI. extenet, | adanted, | edsorbed. 
Mom, Mgm. Py. Py- Ce Mgm. Mom. Mgm. 

sh A S| a 3 y 7-7 —0. 2 2.4 0.0 2.5 
| STEEL 5 7.6 8.0 —.2 2.4 .o 5.0 
Bisexd. shapes 8 7-73 8.4 “2 2.4 .O 8.0 
NP Per oe 12 7.96 8. 54 2 2.4 x) 12.0 
Pare baleen ere 16 8. 27 8. 57 -4 2.4 .0 16.0 
os Sao OCR Tike. 20 8.81 8. 67 I.2 2.4 -o 20, 0 
SO LOR. 28 9g. 69 9.15 1.4 3.0 -6 27.4 
SGhics'. dcee dees 36 10. 46 10. 43 1.5 4.6 2.2 | 33-8 
SRE BESS ere 48 11. 38 II. 14 4.1 8.4 6.0 42.0 
UR ae 60 II. 55 Il. 53 10. 4 14. 3 11.9 | 48. 1 
Be eas ae 80 11. 88 11. 85 20. 3 25.6 23.2 | 56.8 




















The influence of the smaller quantities of CaCO, added was apparent 
in the greater hydroxyl-ion concentration produced with the smaller 
additions of Ca(OH), solutions. Where the larger portions of Ca(OH), 
were added, the influence of the equivalent amounts of CaCO, on the 
Py values was nil. Here the excess of the hydroxyl-ions was so large 
as to mask completely the influence of the HCO, and CO, ions. The 
titer figures show that a larger amount of calcium was present as Ca(OH), 
or CaH,(CO,), than in Experiment 5, but the amounts of unadsorbed 
calcium in the extracts were the same. The figures for the adsorption 
of calcium were based on the amounts added in Ca(OH),. According 
to this method of calculation as much calcium was adsorbed from 
Ca(OH), when CaCO, was present as when it was absent. It should be 
remembered that in the 24-hours contact, equilibrium between soil and 
CaCO, had probably not been reached. 


EXPERIMENT 8.—SOIL-+CALCIUM HYDROXID+CALCIUM CARBONATE+POTASSIUM 
CHLORID 


This experiment was performed in all respects like No. 7, except that 
KCl was employed in the usual concentration. The data obtained are 
given in Table VIII. (See fig. 5.) 


TaBLe VIII.—Pyg on suspensions and extracts of soil+CaCO,+Ca(OH),+KCl, also 
titrations and calcium content of extracts and calcium adsorbed by soil 








Calcium added | Calcium | Suspen- o.osN | Calcium | Calcium | Calcium 
in Ca(OH). | Sddedin | “sig.” | Extract. | HCL. | ote | sastted, | adsorbed. 
Mgm. Mgm. Py Pr Ce. Mom. Mom. Mgm. 

BO is oe cies 2.5 5. 50 6. 40 0.0 17.1 3.1 0.0 
ee + ae 5 7.10 7.70 x) 19. 2 5.2 .0 
Mich aisth folks « Se 8 7. 69 7.90 32 21.3 9.3 °7 
Eee ae 12 8. 00 7.90 ~3 21.6 7.6 44 
Ry fies 16 8. 10 7.96 :3 21.9 7-9 8.1 
RT CR 20 8. 47 8. 10 5 23.8 9.8 10. 2 
Per S 28 9. 38 8. 28 8 27.0 13.0 15.0 
PR ere ere 36 9. 91 9. 35 1.0 30.1 16. I 19. 9 
MEE Oe 48 II. 07 10. 97 4.6 35.4 21.4 26. 6 
Died coownskes 60 11. 48 II, 37 8.0 42.3 28.3 31.7 
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The presence of KCl was evident in the decreased number of OH ions 
produced by the addition of Ca(OH),. This was true for both suspen- 
sions and extracts, and similar to results obtained in preceding experi- 
ments in which KCl was used. The figures for calcium adsorption are 
very similar to those obtained in Experiment 6. In the short time con- 
tact of this experiment the total effect of KCl was not influenced by the 
presence of CaCQ,. 


Ca Adsorbed. 


M 





Mgm.C a Added in Ca 
° 10 20 30 40 50 60 80 90 
Fic. 5.—Curves showing the influence of KCI on the adsorption of Ca from Ca(OH)2+CaCOsz. 


EXPERIMENT 9.—SOILS -++ DILUTE HYDROCHLORIC ACID 


In this experiment the plan was to add 0.04N HCI to three soils in 
portions stoichometrically equivalent to the calcium used in several of 
the preceding experiments. The calculated amount of 0.04N HCl was 
added to the soil with enough water to make the ratio of soil and liquid 
1:10. The time of shaking and the duration of the digestion was the 
same as in the preceding experiments. Oswego silt loam, Bates very 
fine sandy loam, and Bates loam were used. The data obtained are 
presented in Table IX. 


TABLE IX.—Pg on suspensions and extracts of soitl+HCl, also titrations and calcium 
content of the extracts 





















































HCI added. Oswego silt loam, Bates very fine sandy loam. | Bates loam. 
yi 4 & a g R-| B 5 
> ; ; ;|S¢ 
$,/ 8 | o |} 2m] etl @ ; | ae) gel a zm | es 
aeleg) 2 | 2} 98) Ha) ELIE | a) Re 
ée/5 | & | a ola} a 8 |) a | a 5° 
Cc. |Mom.| Py. Pq. Cc. \|Mom.| Py. Py. Cc. |Mom.| Py: A" Cc. |Mgm 
3.12 | 2.5 | 4.78 | 5.19 | 0.4] 1.9 | 4.14 | 5.93 | 0.5 | 1-5 | 6.00] 5.36 | 0.2 | 2.2 
6.26] 5.0 |'4.93 | 4.827 .41 3.2 | 3.906} 4.12 | .O'| 3-2] 5.33 | 5-33 | +21 42 
12.5 |10.0 | 3.16 | 3.76 | 1.0 | 6.4 | 3.23 | 3.09 | 4.5 | 4.0 | 4.38 | 4.65 | .3 | 6.8 
25.0 |20.0 | 2.72 | 2.76 | 5.6 ~ © | 2.44 | 2.38 13.6 | 4.2 | 3.22 | 3.57 | 1.7 [13.2 
§0.0 |400 | 2.18 | 2.14 |23.2 pod 2.04 | 1.91 |32.9 | 4.6 | 2.42 | 2.48 |12..4 |\20.2 
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The P, values on both suspensions and extracts showed an increase 
in hydrogen-ion concentration corresponding to the increased amounts of 
HCl added. Where the sinaller amounts of HCl were added, the hydro- 
gen-ion concentrations were greater in the suspensions than in the ex- 
tracts. The same relationship between suspensions and extracts was 
found in the preceding experiments when small amounts of Ca(OH), 
were added to soil. This was thought to be due to the relative insolu- 
bility of the acid-producing substance in soil. With HCl the added 
acid is soluble, and in the dilution used is completely ionized, yet the 
same differences in P, were found between the suspensions and the 
extracts. This can be accounted for by the additive influence of the 
acid-forming substance in the soil suspension. The titration figures 
show that a portion of the HCl is neutralized or adsorbed by the soil, 
and the amount so used corresponds to the adsorptive capacity of the 
soil. The two soils which adsorbed the greatest amount of calcium 
(Experiment 19) also neutralized the greatest amount of HCl. Perhaps 
the greater portion, though not all, of the HCl was neutralized in dis- 
solving calcium from the soil. The amount of calcium obtained in the 
extracts was proportional to the calcium: content of the soil. 

The main point shown in this experiment is that while the addition 
of small amounts of a highly ionized acid like HCl results in an increase 
in the hydrogen-ion concentration of the suspensions and the extracts, 
yet the influence of the acid-forming substance in the soil is also shown. 


EXPERIMENT 10.—SOILS+OXALIC ACID 


This experiment was performed in the same manner as No. 9, except 
that 0.04N oxalic acid was used. The data obtained are presented in 
Table X. 

There was a notable difference in the P, values obtained with the 
use of oxalic acid as compared with HCl. The addition of the three 
smaller portions of oxalic acid produced a decrease in the hydrogen-ion 
concentration, while the two larger portions caused an increase. This 
means that the addition of a small amount of oxalic acid produces an 
actual increase in the hydroxyl-ion concentration. The hydrogen-ion 
concentration produced by 50 cc. of 0.04N oxalic acid is not as great as 
that produced by the same amount of 0.04N HCl (Experiment 9). This 
is due simply to the smaller ionization of oxalic acid, and also to the 
formation of insoluble oxalates. 

The titration figures show the expected gradual increase as the 
amount of acid added to the soil increased, and the figures for oxalic 
acid are larger than they are for HCl. Owing to the smaller solubility 
of calcium in oxalic acid, the amount of calcium obtained was less when 
oxalic acid was used than with HCl. 

60374—23—— 2 
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TABLE X.—Py on suspensions and extracts of soil + oxalic acid; also titrations and cal- 
cium content of the extracts 












































pit wr M Oswego silt loam. Bates very fine sandy loam. Bates loam. 
go F oe z a] | z R| : = s 
| - ome ; d | 5 
wld} ylflald) | fd d}y lela 
mal § i Ele jae] @) bf] gga] by] b |g ( 
$ | 8 #}é jd | a |e] oid | a | mw] 6 6 
Ce. | Mom.| Pg. | Pu. | Cee |Mgm.| Py. Py. | Ce. | adhe, Py. Py. | Cc. |Mom 
3.12] 2.5 | 4.95 | 5.80/ 1.5 10.81 5.39 | 8.00] 1.8107] 7.95 | 837104] 3.6 
3.25] 5.0 | 5.43 | 7.83 | 2.9 | 1.2 }....../ 7.93] 41) .7 | 813 | 8.03) 16) 3.4 
12. § |10.0 | 7.22 | 7.83 | 7.3 | 221 | §.80 | 823) 81) 11 | 827 | 800} 2.4) 3.4 
25.0|20.0 | 5.46 | 4.07 |12.6 | 3.2 | 3.76 | 3.20 |17.0 |} 1.7 | 7.42 | 7-90 | 8&1] 46 
50.0 40.0 | 3.86 | 2. 42 |31.0 | 4.9 | 2. 48 | 2.55 135-9 | 2.1 | 5-73 | 3-30 j21.8 6.8 














The increase in the hydroxyl-ion concentration with the smaller 
amounts of oxalic acid can be accounted for by the fact that a salt of 
a weak acid and a strong base has an alkaline reaction in a water solution. 
This is due to the formation of the highly ionized hydroxid of the base 
and the feebly ionized acid. The hydrogen ions and the hydroxyl ions 
come from the water. When oxalic acid is added to soil, oxalates are 
formed. If the quantity added to soil is small these oxalates are in 
excess, and there are more hydroxvl-ions than hydrogen ions. When 
larger amounts of oxalic acid are added the reverse condition occurs. 
The initial reaction and the calcium content of the soil appear to de- 
termine the amount of oxalic acid required to produce an excess of 
hydrogen ions. With Bates loam, a neutral soil with a relative higher cal- 
cium content, the excess of the hydroxy] ions persists for a larger amount 
of oxalic acid than is the case with the other two soils. 

When NaOH is added to the extract a part is used in basic exchange 
with the oxalates and part to neutralize the free oxalic acid. Bates 
loam neutralized a larger portion of oxalic acid than the other two soils. 
This soil has more calcium, and therefore more insoluble calcium oxalate 
could be formed. This would appear to indicate that the quantity of 
an organic acid, such as oxalic, which a soil is able to neutralize is Za 
measure of the potential alkalinity. fen afl 

The effect of oxalic acid on soil, as shown in this experiment, explains a 
fact well known to agriculturists, namely, that barnyard manure reduces 
the acid condition of the soil. The acids which result from the decay 
of organic matter combine with the bases of the soil, forming salts of 
weak acids and strong bases. The effect of adding organic acids to soil 
deserves further study, particularly those which form soluble com- 
pounds, such as acetic acid. 


GROUP B.—INFLUENCE OF CALCIUM HYDROXID AND POTASSIUM CHLORID 
ON THE Pg WHEN USED ON WASHED SOIL, IGNITED SOIL, ACID-TREATED 
SOIL, AND ACID-TREATED SAND, ALSO ON THE TITRATION AND CALCIUM 
CONTENT OF THE EXTRACT 


EXPERIMENT I1.—WASHED SOIL ++ CALCIUM HYDROXID 


In this experiment Ca(OH), was added to washed soil in the same 
manner as in Experiment 5. In washing, part of the colloidal clay was 
removed. ‘The method of washing was as follows: One kgm. of soil was 
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placed in a tall 8-liter bottle, and distilled CO,-free water added until 
the bottle was nearly full. The bottle was then shaken for one hour, 
after which the soil was allowed to settle for one week. The super- 
natant liquid, still turbid with colloidal clay, was siphoned off without 
disturbing the soil in the bottom. The bottle was again filled with 
water and the process of shaking, settling, and removal of supernatant 
liquid repeated 12 times in as many weeks. As far as could be observed, 
the supernatant liquid was as turbid the last time it was siphoned off 
as it was the first time. The soil was transferred, using a small amount 
of water, to 1-gallon earthenware jars, and allowed to evaporate and 
dry completely at room temperature. Oswego silt loam, Bates very 
fine sandy loam, and Bates loam were thus treated. The resulting dry 
soil was very friable and loose. Determinations showed that only a 
small percentage of the soil had been removed as colloidal matter in the 
washing process. 

In a preliminary trial Ca(OH), was added in varying amounts to the 
three washed soils, but the differences in the data from the washed soils 
as compared with those from the untreated were relatively the same for 
the three soils. Table XI gives the results obtained on the Oswego 
silt loam. 


TABLE XI.—Py of suspensions and extracts of washed soil + Ca(OH),; also titrations 
and calcium content of extracts, and calcium adsorbed from Ca(OH), 








o.osN. cium in cium not Icium 
Calcium added. | Suspension. | Extract. | 998)/- | Calcium in | Calcium not) Calcium 
Mom, Pq. Pq. Ce. Mom. Mgm. Mom. 

Oi ara ewidewes 4. 89 7. 32 0.0 0.4 0.0 °° 
2.8. ad ved UN 5.94 7. 35 a vg .I 2.4 
Be x cbigessouns 6. 07 8. 03 ai om «9 4.7 
BOet) Vie. ot 6. 14 7.76 .2 II .7 7.3 
WBF cdnie e's ned 7.19 8. 13 3 1.4 1.0 11.0 
Pe ee 7. 62 8. 47 <a 1.6 1.2 14.8 
Ret oo hs sais bo 8. 03 8. 30 .2 ‘9 $3 18.7 
98.0. ..4. ve 8. 94 8. 34 4 2.6 2.2 25.8 
MWe ccebssescss 9. 99 9. 59 1.5 4.4 4.0 32.0 
UR ass. dates we to. 87 10. 40 a5 x 4.9 43-1 
WINS 6s «nteemae vas II. 24 II. 34 9. 5 14.1 13.7 46. 3 
WE sik ise sks Graces 11. 68 11. 68 22.8 $7.1 26. 7 53-3 























Comparing the figures of Table XI with those in Table V it will at 
once be apparent that the hydrogen-ion concentrations obtained, when 
different amounts of Ca(OH), were added to the soil, were greater for 
the washed soil than for the untreated. This means that the washing 
process increased the solubility of the acid-producing substance. Since 
the acid-producing substance is slightly soluble, a small amount was 
removed in the washing process. However, this removal resulted in an 
increase, rather than a decrease, in the hydrogen-ion concentration ot 
the suspensions and the extracts. This indicates a continuous and in- 
creasing solubility of the acid-producing substance. (See fig. 6.) 

The differences in the figures for calcium adsorption obtained on the 
washed soil as compared with the untreated are practically within the 
limits of the experimental error. If there is any real difference, washing 
has decreased the adsorptive capacity of soil for calcium. This was 
probably due to the removal of colloidal clay. 
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EXPERIMENT 12.—IGNITED SOIL-+-CALCIUM HYDRO™ ID 














In this experiment Ca(OH), was added to Oswego silt loam after it wi 
had been ignited. Weighed portions of soil as needed for the separate m 
determinations were placed in flat-bottomed porcelain dishes and heated st 
at 650° for five hours in an electric muffle having an automatic tem- fr 
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Fic. 6.—Curves showing the influence of KCl on the adsorption of calcium from Ca(OH). Pr 
perature control. After cooling, the ignited soil portions were trans- qT 
ferred to bottles, and the subsequent treatment was the same as in st 
Experiment 5. The loss on ignition as determined on one set of samples = 
was nearly 5 per cent. The data obtained are presented in Table XII. a 
TABLE XII.—Py of suspensions and extracts of ignited soil+Ca(OH),, titrations and fu 
calcium content of extracts, and calcium adsorbed from Ca(OH), w! 
aaa eee ae ae Hes fe su 
Calcium added. Suspension. | Extract. — by yw ey a Ts 
Mgm Py Pg Ce Mom, Mgm. Mgm. — 
° “sa .| 5.56 7.83 0.90 1.2 0.0 0.0 
Bese. I AG | 6. 78 7.96 4 2.4 1.2 2.8 
8 8. 20 8. 84 -6 3.0 1.8 6.2 <a 
12 | Q. 42 9..48 -9 4.2 3-0 9.0 
RA eileen | 9: 99 10. 60 2.5 8.9 a. 7 8.3 ° 
20.. .| 10. 40 10. 97 2.7 9.2 8.0 12.0 4 
BB. Pi IOS | II. 97 II. 17 3-4 10.0 8.8 19. 2 8 
hei. facsa'- Stianabe II. 34 11. 58 6.5 15.2 14.0 22.0 32 
48. | It. 61 11. 85 16.7 24.0 22.8 25.2 16 
iiss is sted. othe | 11. 68 II. 90 24.2 33-3 32.1 27-9 20 
80. | 11. 87 12. OF 27.4 40. 5 39-3 40. 7 28. 
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The hydrogen-ion concentration of the suspension of the ignited soil 
was very nearly the same as that obtained on the original soil in Experi- 
ment 5. This shows that the acid-producing substance was not de- 
stroyed by ignition. The hydrogen-ion concentration of the extract 
from the ignited soil was greater than it was in the original soil. This 
indicates that ignition increased the solubility of the acid-producing sub- 
stance. However, the addition of the same quantities of Ca(OH), to 
the ignited soil produced a greater increase in the hydroxyl-ion concen- 
tration. This was due to the decreased adsorption of calcium. The 
amount of calcium adsorbed by the ignited soil was approximately two- 
thirds that adsorbed by the original soil. The adsorptive capacity was 
lessened by the destruction of colloidal structure brought about by igni- 
tion. It is also possible that ignition alters the structure of the silicates 
in such a way that less chemical combination with calcium is possible. 
It is recognized that a too general statement can not be based on this 
experiment with only one soil. However, it is clear that while the 
hydrogen-ion concentration was not decreased by ignition, the adsorptive 
power for calcium was materially decreased. 


EXPERIMENT 13.—IGNITED SOIL+CALCIUM HYDROXID+POTASSIUM CHLORID 


The manner of procedure in this experiment was the same as in Expeir- 
ment 12 except that KCl was added. The results obtained are pre- 
sented in Table XIII. The effect of KCl in increasing the hydrogen-ion 
concentration and decreasing the amount of calcium adsorbed was rela- 
tively the same on ignited soil as on the untreated soil. Ignition, how- 
ever, decreased the solubility of calcium in a solution of KCl. In the 
original soil a solution of KCl dissolved 14 mgm. calcium per 10 gm. of 
soil, but in the ignited soil the amount dissolved was only 3.9 mgm. 
Thus while ignition increased the solubility of the acid-producing sub- 
stances in a solution of KCl it decreased the solubility of calcium in the 
same solution. Preceding experiments have shown that calcium ad- 
sorption was decreased by the presence of KCl and also by ignition. 
This experiment shows that KCl added to the ignited soil results in a 
further decrease of calcium adsorption. This apparently means that 
while basic exchange took place less readily in the ignited soil, the 
substances formed were more highly ionized. 


TABLE XIII.—Py suspensions and extracts of ignited soil+-Ca(OH),+KCl, also titra- 
tions and calcium content of extracts and calcium adsorbed from Ca(OH), 











Calcium added. | Suspension. | Extract. | o.osN HCI | Calcium im | Calcium not | Calcium 
Mgm. Py Pr Ce Mgm. Mgm. Mam 
Givvscssapevess vc 4. 82 5. 83 0.3 3-9 0.0 0.0 
’ RP aTE TU 6.17 7. 00 +0 6.9 3.0 1.0 
_ ee Rtg: 7.76 7.59 4 9-7 6. 8 1.3 
BROS hats Fare = 8. 88 g. 18 1.3 12.3 8.4 3-6 
BGiria Vs 0205» renee 10. 05 10. 02 2.9 14.7 10. 8 2 
sci cesese ats « 10. 43 II. 03 7.6 17.5 13.6 6.4 
ears a et Se 10. 90 II. 20 9. 6 21.8 17.9 10.1 
ee tee II. 14 Il. 51 13.8 27.1 23.2 12, 8 
ere ee II. 44 11. 61 17.2 32.1 28. 2 19. 8 
60 11. 68 II. 95 30.1 42. 6 38.7 21.3 
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EXPERIMENT 14.—ACID-TREATED SOIL-+-CALCIUM HYDROXID, (SOIL LOW IN CALCIUM.) 


One hundred gm. of soil, Oswego silt loam, were placed in a 2-liter 
glass-stoppered bottle and 2 liters 0.5N HCl added. The bottle was 
shaken for a while, and the contents were then allowed to digest for sev- 
eral days with occasional shakings. The soil was washed by decanta- 
tion as long as it would settle clear, and finally washed on a Buchner funnel 
until the filtrate gave a neutral reaction to litmus. The soil was then 
dried and used in a manner similar to that of Experiment 5. The data 
obtained are given in Table XIV. 


TaBLE XIV.—P3g of suspensions of acid-treated soil+-Ca(OH)., also titrations and calcium 
content of extracts and calcium adsorbed from soil. (Soil low in calcium.) 








Calcium added. Suspension. | o.osN HCI. | Calcium in | Calcium not | Calcium 
Mgm. Pq Ce. Mom. Mom. Mom. 
eer rey 3.70 —1.3 1.0 1.0 7.0 
Ni eee ee Ey en 4. 85 —.6 1.2 1.2 14.8 
Oh sian snabenshad couse ee 6. 24 ar) 2.8 2.8 21.2 
Ce attend aris get ee ohn 7.35 -4 3-4 3-4 32.6 
Re ie iss dake scale ees ee 8. 98 -6 4:5 45 43-5 
RE SFr OBR 9: 42 2.3 8.1 8.1 51.9 
OBS). BE JARI OEE, 9. 72 3°4 10. 8 to. 8 69. 2 
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The acid treatment greatly increased the hydrogen-ion concentration 
of the suspension. The small value of the titration figures in comparison 
with the figures for the amount of calcium in the extract indicates that 
most of the calcium was present in the form of a neutral compound. 
The ratio of the amount of calcium adsorbed in relation to the amount 
added was as great with an addition of 80 mgm. calcium in the form of 
Ca(OH), as with 8 mgm., indicating that the adsorptive capacity was 
not reached. In view of this, the greater amount of calcium found in 
the extract was probably due to resolution of an adsorption compound 
of calcium. 


EXPERIMENT 15.—ACID-TREATED SOIL-+CALCIUM HYDROXID, (SOIL, HIGH IN CALCIUM.) 

The procedure in this experiment was the same as that in Experiment 
14, except that the soil used was a Summit silt loam high in calcium. 
The data obtained are given in Table XV. 


TABLE XV.—Py of suspensions from acid-treated soil, also titrations and calcium content 
of extracts and calcium adsorbed from Ca(OH), 














| | Aathy 2 F Pa 
Calcium added. ‘Supensin.| o.osNHC1 Chae Coleen aot ao all 
2 ° r ——. = | 

Mom. | Pe | Ce. | Mom. Mom. Mom. 
| ES ee Tea pire 3: 36 | —1.6 0.7 0.7 7-3 
TOK. on ia is QT. 0 sp BIEN oo 3+ 43 | —1L0 1.0 1.0 15.0 
DBF 5.020. de Rk Pion nng eee as | 3. 80 | —1.2 | 1.2 1.2 22.8 
SEE Ce. Sees eee 4. 31 | —10 | 1.8 1.8 34.2 
Le es Pe oe ee #97 | 14] 2.1 2.2 45-9 
SET pee & Fae | 7-35 | —.4 5.1 5.1 54-9 

_ eacn fe elope eam | B47} <5 | 8.8 3.8 71. 
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The hydrogen-ion concentrations were greater than those in the 
previous experiment and were due, as shown by the titration figures, to 
the larger amount of free acid present. After the acid treatment this soil 
was more colloidal than the one the used in Experiment 14. The calcium 
adsorptive capacity was nearly the same in the two soils. The acid treat- 
ment may be considered a case of intense leaching. Under humid cli- 
matic conditions soils high in calcium will ultimately lose their calcium 
to such an extent that they are as much in need of calcium as some soils 
derived from acidic rocks. 


EXPERIMENT 16.—ACID TREATED SAND+CALCIUM HYDROXID 


Ordinary river sand was chosen for this experiment. It was first 
ground to an impalpable powder in a ball mill, then digested in HCl. 
Further treatment was similar to that of the two preceding experiments. 
The data obtained are given in Table XVI. 


TABLE XVI.—Py of suspensions of acid-treated sand+Ca(OH), also titrations and 
calcium on the extract, and calcium adsorbed from CalOH Ye 














Calcium added. | Suspension. | 0.osNHCI Comte (“eds ae eat 
| 
| 
Mgm. Py. Ce. Mom. | Mom. Mom 
th eke Ree ns AP nae 7.76 —0. 3 0. 8 | 0. 8 1.6 
oe, eee Se, ee 8. 03 —.1 1.4 | 1.4 2.6 
Bi. DO EER TOT I 8. 40 .6 1.9 | 1.9 4.1 
OR Ansch}. ads Geinwsw egw. 8. 50 1.6 2.5 | 2.5 5 
Fr eyro-asles pbiersp ayers 99 ab-tre 8. 84 22 37 | 22 3 
| RRR t PSAP re Q- 25 3-9 5.2 5.2 10. 8 
MEE Piceay deen fe ler | 9: 35 4-7 6.5 | 6.5 13.5 











As compared with soil, sand requires a much smaller amount of 
Ca(OH), to produce a corresponding change in the hydrogen-ion concen- 
tration. Beyond the addition of 6 mgm. calcium the titration figures 
together with the P, values show that the greater part of the calcium 
in the extract was present as Ca(OH),. A small part may have been 
present as CaCl,. While the amount of calcium adsorbed was much 
less than that obtained with soil, the ratio adsorbed to the amount 
added was large. Finely ground sand does adsorb calcium, and the 
ratio between the amount adsorbed and the amount added corresponds 
to the adsorption law. 


GROUP C.—INFLUENCE OF CALCIUM HYDROXID AND POTASSIUM CHLORID 
ON Py WHEN USED WITH FULLER’S EARTH, ALSO ON THE TITRATION 
AND THE CALCIUM CONTENT OF THE EXTRACTS 


EXPERIMENT 17.—FULLER’S EARTH+CALCIUM HYDROXID 


The fuller’s earth used in this experiment was a white commercial 
product labeled “chemically pure.’’ It was treated like the soil in 
Experiment 5. The data based on 10 grams of material are given iu 
Table XVII. 
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TABLE XVII.—Pa of suspensions and extracts of fliers earth, also titrations and 
calcium content of extracts, and calcium adsorbed from Ca(OH), 








Calcium added. | Suspension. | Extract. | Titer oosN | Calcium in | Calcium not) Calcium 
Mom. Pq Pa Ce. Mgm. Mom Mom. 

1s brisewasiewwstes 4. 82 6. 23 —o.1 44 0.0 0.0 
RR Pe 7.08 7.62 all 5.2 8 3.2 
_ See neere esity 7.76 7.76 rs 7.0 2.6 5-4 
he eih Es 8.17 7.86 “2 8.0 3.6 8.4 
eee Serer ce 8. 37 8. 00 .2 8.2 3.8 12.2 
oT et ee 8. 61 8. 27 - 8.8 44 15.6 
| Ger Te ey 8. gt 8.57 .6 9. 6 5.2 22.8 
is. 6. a: sagen b's assim g. II Q. 11 1.8 II. 1 6.7 29.3 
TR A 9. 28 9. 31 2.5 11.8 7-4 40. 6 
GO. jeje o ois ienennes g. 48 9: 45 2.9 12.3 7-9 52.1 























The Py values obtained on the water suspension and the water extract 
of fuller’s earth show that the hydrogen-ion concentration in both was 
greater than that obtained in an extract of soil, and, like the soii, that the 
hydrogen-ion concentration was greater in the suspension than in the 
extract. The acid-forming substance in fuller’s earth was more soluble 
than it was in soil. This means a greater intensity of acidity in the 
former. The fuller’s earth had a comparatively large amount of calcium 
in the water extract, which makes it difficult to calculate calcium adsorp- 
tion except relatively. Since the ratio of the amount of calcium adsorbed 
to the amount added was as great with the largest as with the smallest 
quantity added, the adsorptive capacity was probably not reached. The 
adsorptive capacity of fuller’s earth for calcium was greater than that of 
Oswego silt loam. ‘The titration figures show that a comparatively small 
amount of calcium was present in the extract as hydroxid or carbonate. 
Some may have been present as a silicate in colloidal form, some as the 
soluble compound formed with the acid-forming substance in fuller’s 
earth, and some as redissolved from the adsorption compound. 

The reactions of fuller’s earth with Ca(OH), were found to be very 
similar to those of soil, except in degree. The acid-forming substance in 
fuller’s earth is probably an aluminum silicate, and by inference it might 
be concluded that the acid-forming substance in soil is of a similar nature. 


EXPERIMENT 18.—FULLER’S EARTH+CALCIUM HYDROXID+-POTASSIUM CHLORID 


This experiment was conducted in the same manner as Experiment 17, 
except that KCl was also added. ‘The data obtained are given in Table 
XVIII. 


TABLE XVIII.—Py on suspensions and extracts of fuller’s earth+Ca(OH),+-KCl, also 
titration and calcium content of extracts, and calcium adsorbed from Ca(OH), 











Calcium added. | Suspension. | Extract. | TitereosN | Calcium in | Calcium not) Calcium 
Mom. Pg Pa Ce. Mom. Mgm. Mgm. 
Re eee 5. 06 5. 43 0. 00 1.8 0.0 0.0 
BIS MUITIS BEN OPEB}. Jia . 00 6.0 4.2 x) 
G. -inos. eshte oy 7-15 7. 25 +15 9-9 8.1 -0 
OP, abakitaa eats Bal 7, 66 9. 62 o BS 13. 5 11.7 4 
DSRS ratte 8. 06 7.90 .25 17.1 15.3 o7 
20.. 8. 27 8. 06 - 35 20. 5 18.7 2.3 
 WOETEER ELL 8. 64 8. 34 65 25.5 23.7 4.3 
SOLER Ee re: 8.94 8. 67 I. 35 29. I 27.3 8.7 
MA eiaricdieee Q. 21 9. 15 1. 65 33.0 31.2 16.8 
SPOT Cer eee 9. 35 Q. 21 2. 80 35.8 34.0 26.0 
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In the presence of KCl corresponding amounts of Ca(OH), produced 
a smaller decrease in the hydrogen-ion concentration, indicating that the 
solubility and the ionization of the acid-forming substance in fuller’s 
earth are increased by KCl; in other words, there are more hydrogen 
ions to be neutralized by the hydroxyl ions from Ca(OH),. On the other 
hand, in the presence of KCl calcium adsorption was entirely inhibited 
when small amounts of Ca(OH), were added, and greatly reduced with 
the larger amounts. The adsorption of considerable quantities of cal- 
cium when the larger amounts of Ca(OH), were added shows that the 
tendency of the calcium ions to combine with the radical of the acid- 
forming substance was not prevented bya large excess of K ions. One 
hundred cc. of a 0.5N solution of KCI contain nearly 2,000 mgm. of 
potassium, and yet adsorption of calcium took place when from 20 to 60 
mgm. were added in the form of Ca(OH),. The net result of the presence 
of KCl was a greater hydrogen-ion concentration and larger amount of 
unadsorbed calcium. If the acid-forming substance produces a silicic acid 
the following ions are present: 


KCl =K+,cl- 
Ca(OH),=Ca*,2 OH- 
H,SiO, =2 H+Si0, 
HOH =H*++OH- 


If this represents the ionic condition, the neutralization is due to the 
hydroxyl ions from Ca(OH), combining with the hydrogen ions of the 
acid-forming substance. From this standpoint the reaction can be con- 
sidered purely chemical. The potassium ions combine with the radicals 
of the acid-forming substance, producing a potassium compound. In 
the absence of KCI, as in Experiment 13, or when large amounts of cal- 
cium are added, as in this experiment, calcium ions combine with the 
radicals of the acid-forming substance. Larger amounts of calcium com- 
bine in the absence of KCl, and the ratio between the amount which 
combines and the amount added accords with the law of adsorption. 


GROUP D.—COMPARISON OF VARIOUS SOILS IN RESPECT TO THE INFLU- 
ENCE OF CALCIUM CARBONATE, CALCIUM HYDROXID, AND POTASSIUM 
CHLORID UPON THE Pg, THE ADSORPTIVE POWER OF SOIL FOR CALCIUM 
FROM CALCIUM HYDROXID, AND THE CALCIUM SOLUBLE IN HYDRO- 
CHLORIC ACID AND POTASSIUM CHLORID SOLUTIONS 


EXPERIMENT 19.—COMPARATIVE POWER OF FOUR SOILS TO ADSORB CALCIUM FROM 
CALCIUM HYDROXID 


The purpose of this experiment was to compare the calcium-adsorptive 
power of four soils. Neosho silt loam, Bates very fine sandy loam, 
Oswego silt loam, and Bates loam were used. Eight different solutions 
of Ca(OH), were made and added to soil in different definite amounts. 
After the usual treatment, the unadsorbed calcium and also the Py values 
were determined on the extracts. The data obtained based on 10 gm. 
of soil are given in Table XIX. 

The Bates loam, a neutral soil, and Oswego silt loam, a moderately 
acid soil, both containing larger amounts of clay than the other two, 
adsorbed nearly the same amount of calcium. Neosho silt loam, less 
acid than Oswego silt loam, adsorbed the least. The outstanding physical 
property of this soil is its smal] amount of clay and large amount of silt. 
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The Bates very fine sandy loam adsorbed more than the Neosho silt 


loam, but less than the other two. 


This soil had the highest hydrogen- 


ion* concentration of the four, but it contains a comparatively small 


60 


50 


40 


30 


20 


Mgm.Ca Adsorbed 





Mgm.Ca Added in Ca(OH), 
50 
Fic, 7.—Comparative adsorption of calcium in soils (Experiment 19). 


90 


amount of clay. The main fact shown by this experiment is that the 
amount of clay is a factor of greater moment in calcium adsorption than 


is the initial intensity of acidity. 


TABLE XIX.—Adsorption of calcium from Ca(OH), by four soils 





NEOSHO SILT LOAM. 


OSWEGO SILT LOAM, 
































Calcium added. iano 
Extract. | Calcium in Extract. 
Mom | gm Py. Mom. $ 

SO Shar «5 3.4 9. 43 3.4 8. 59 
oe | 4.3 10. 04 3.9 8. 52 
| 8 RS eS 5.6 10. 55 3.6 8. 52 
ok oe a 3 10. 79 4.0 g. 16 
pI Se | 10. 4 11, 26 4.8 g. 60 
We Aa 66 on e'e's A 14. 2 II. 50 6.1 10. 58 
CeO VOR 21.2 It. 73 10. 5 | 10. 82 
Opin 31.0 IT. go 17.2 TT. 43 

} 

BATES VERY FINE SANDY LOAM, 
— oe ere 3.8 | 8. 52 3.8 28 
~ Gee 40 | 8. 55 39 | 52 
Shits wrkho <i | 43 hes 43] $2 
| ges 47 | 9. 67 ~e | 3° 
os Abr 4 pongo 5 3?) ot 

| 9./0 | 10. 95 6, 6 | 24 
Gpim. io. Juusouas.}y v0! Br BE $8. hore 1] %F 30. Bs 
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EXPERIMENT 20.—COMPARATIVE POWER OF FOUR SOILS TO ADSORB CALCIUM FROM 
CALCIUM HYDROXID IN THE PRESENCE OF CALCIUM CARBONATE 


The amounts of CaCO, equivalent to the calcium adsorbed in Experi- 
ment 19 were calculated and added to the dry soil. Fifty cubic centi- 
meters of water was added to each bottle, the mixtures shaken for several 
hours, and then allowed to digest for one day. Ca(OH), solutions were 
next added, and from this point on the experiment was performed like 
No. 19. The Ca(OH), solutions were so adjusted that very nearly the 
same amounts of calcium were used per 10 gm. of soil as in the preceding 
experiment. The data obtained are presented in Table XX. The cal- 
cium adsorbed was calculated on the basis of the amounts added in the 
Ca(OH), solutions. 


TABLE XX.—Adsorption by four soils in the presence of CaCos of calcium from Ca(OH), 






































NEOSHO SILT LOAM. OSWEGO SILT LOAM. 
Hh iges Cali aaa Calci bm —1 
in extract. from Extract. | in extract. from Extract. 
‘ Ca(OH): Ca(OH)s 
Mgm. Mgm. Mgm. Pq. Mgm. Mom. Py. 
BR Bie ni 0% npacsocee 3.6 14.3 9. 53 4.6 13.3 8. 62 
Be Bends sine 's ccd by's 4.2 17.1 Io. II 4.2 17.1 8.75 
SSG. EY ties 6.0 19. 4 10. 72 4.2 21.2 g. 18 
BZLQi aie. ele diivsicnd 7.0 20. 9 10. 95 4.7 23.2 9. 64 
BE Bs yan decid ha cysts 10. 9 23.3 II. 40 5.2 29. 0 10. 55 
SR eee 14. 5 26. 4 Il. 53 6.8 34.1 10. 97 
MD Bass dos oe genes 20. 3 | 30.0 11. 66 10. 4 39-9 10. 36 
oY Senn ier eee 31.9 | 36. 3 II. go 17.2 51.0 II. 70 
BATES VERY FINE SANDY LOAM. BATES LOAM, 
EFoi Qos <d'§ 54> > pee 4.0 13.9 8. 45 5.4 | 12.5 8. 72 
a rrr 4.7 16. 6 9. 37 5. 6 | 15.7 8.77 
Oy NE Salata gene 4.8 20. 6 9. 72 5.4 | 20. 0 g. 18 
BF 9.018. PUR. 5.7 22.2 10. 06 5. 4 | 22.5 Q. 21 
MNES cise e ca sse as 7.6 26. 6 10. 97 5.6 28. 6 10. 70 
PDE ein FOE Secs eid 10. 0 30.9 II, 22 6. 5 | 34.4 9. 60 
Ce eee 15.1 35.2 II. 53 9.4 40. 9 II. 17 
_,_ © One aeer 26.0 42.2 11. 80 | 33.9 | 50. 9 11. 63 

















The P, values were not materially affected by the presence of CaCQ,. 
The excess of the hydroxyl ions was so large as to mask the influence of 
the HCO, and CO, ions. The addition of CaCO, under the conditions of 
this experiment did not change the relative adsorptive power of these four 
soils as found in Experiment 19. The presence of CaCO, only slightly 
reduced the amount of calcium adsorbed from Ca(OH),. In Experiment 
7 it was found that CaCO, had practically no effect on calcium adsorption 
from Ca(OH),. The only difference in procedure between Experiments 
7 and 20 was that in the latter case there was a longer contact for the 
CaCO, in the presence of water. While the effect of this longer contact 
was small it is enough to suggest that calcium is taken very slowly from 
CaCO, by the soil. The effect of long-time contact with CaCO, was also 
shown in Experiment 3. 
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EXPERIMENT 21.—-THE H-ION CONCENTRATION OF SUSPENSIONS OF SOIL IN WATER 
AND IN A SOLUTION OF POTASSIUM CHLORID AND THE CALCIUM CONTENT OF HYDRO- 
CHLORIC ACID SOLUTIONS 


In several preceding experiments it has been shown that the presence 
of KCl materially changes the Py value of both soil suspensions and soil 
extracts. One of the difficulties encountered in making electrometric 
measurements on a soil suspension or extract is the possible diffusion of 
KCl from the contact tube. This is enhanced by the necessity of constant 
agitation of the electrode vessel and the long time required for making 
some of the measurements. It was desired to learn how serious a factor 
this is with different soils of varying calcium content. 

Twenty-four soils with accompanying subsoils, taken in the soil survey 
from various parts of Kansas, were selected for this experiment. These 
soils had been analyzed for total calcium as well as other nutrients, and 
the resulting data as well as physical texture, as far as that is revealed by 
soil type, formed the basis of selection. The calcium soluble in cold 
0.5N HCl was determined by digesting the soil at room temperature for 
24 hours. The Py values were determined both on the water suspensions 
and on the suspensions in the 0.5N KCl solution. Before taking the final 
voltmeter reading the rubber tube connecting the KCI solution reservoir 
and the capillary tube was opened slightly by pressing the pinchcock, so 
as to make fresh contact. This would introduce a small amount of KCl 
into the soil suspensions. Preliminary experiments had shown that the 
concentration of the KCI solution used as a solvent could be varied con- 
siderably without affecting the Py, values. The small quantity intro- 
duced by the manipulation just described would then have no effect on the 
suspension in which 0.5N KCl was used, but it might materially affect 
the water suspensions. It had been noticed several times in the preceding 
experiments that some of the soil colloidal matter would diffuse into the 
capillary KCl connecting tube. Just how much this influenced the read- 
ing was not known. When a KCI solution forms a part of the electrical 
connection with the calomel cell it is impossible to prevent some KCl en- 
tering the electrode vessel. If the system is so arranged that KCl forms 
part of the mixture in the electrode vessel the small quantity of KCl 
entering from this source may safely be ignored. The Py values and the 
data on acid soluble calcium are given in Table XXI. 


TABLE XXI.—Hydrogen-ion concentration and calcium content of soil and subsoil 



































Surface. Subsoil. 

Soll) County. Soil type. Gum | HO | Ket | St, | 10 KCI 

in HCl} Den. | pene |i HCl] toe | fen. 

solu- | sion solu- | sion 

Mom.| Pu. Pg. | Mom.| Pq. Py. 
3r | Allen.......... comet fine sandy | 15.1 | 4.82 | 4.82 | 21.1 | 5.22 | §.22 

oam. 

Te ee Ne Oswego clay......... 34-8 | 5.02 | 4.82 | 50.4] 5.77] 5-53 
fi Rote. MENs \ cen alea Neosho silt loam... ./ 17.3 | 5.09 | 5.06 | 36.4 | 5.66 | 5.33 
ee do........ Osage loam.......... 26.1 | 5.09 | §.06 | 28.2 | 5.43] 5.56 
49 | Montgomery...| Crawford loam....... 18.4 | 5.12 | 4.82 | 25.0 | 5.80] 5.60 
EE.) Albee vive sic Summit silt loam. . .| 35.1 | 5.16 | 5.06 |189.6 | 7.46 | 7.93 
17 | Brown.........| Marshall silt loam. ..| 31.3 | 5.26 | 5.40 | 37-3 | 5-33 | 5-09 
33 | Allen.......... Summit silt loam. . ./ 18.0 | 5.33 | 5.46 | 16.7 | 4.65 | 4.72 
Tie. Sees Oswego silt loam. ...} 33.0 | 5.39 | §.33 | 74-0 | 7-16] 7.72 
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TABLE XXI.—Hydrogen-ion concentration and calcium content of soil and subsoil—Con. 






































| Surface. | Subsoil. 

Soll ' I type. Cal Ca | nt 1 

No.| County ey cam, | [ae | suse | CM | sue | ue 

solu- | Bee, Pen- | solu- | Pen pene 

| tion, | S10. sion. | tion, | Sion. | sion. 

Mom. | Pg. Py. | Mom.| Py. Pg. 
13 | Allen.. ..| Oswego silt loam. ...| 25.3 | 5. 43 5. 16 30.6 | 5. 33 5.02 
53 Brown. . ..| Marshall silt loam. ..| 30.9 | 5.43 | 5-50] 29-4] 5-19 | 4-99 
51 Leavenworth .-| Brown loam,........ 33-2 | 5-66 | 6.04 | 23.0] 5.43 | 4.99 
57 | Barton. . a — sandy | 26.3 | 5.93 | 6.07 |112.0 | 8.00 | 8.06 

oam 

47 | Cherokee..... Oswego clay......... 39-8 | 5.97 | 6.27 |54.2 | 7.08 | 6.98 
at | Harper....... Brown loam......... 14.2 | 6.07 | 6.10 | 16.8 | 6.78 | 6.51 
39 | Jewell......... Lincoln clay........ 42.2 | 6.27 | 6.44 | 54.8] 6.71 | 6.68 
2 ae WG 5k BM Colby silt loam..... 27.2 | 6.41 | 6.34 | 78.0] 7.66| 7.66 
19 | Brown.........| Osage silt loam...... 59-3 | 6.41 | 6.54 |105.0 | 7.39 | 7.76 
43 | Greenwood... .| Crawford silt loam...| 31.8 | 6.48 | 6.64 | 78.0] 6.85 | 6.85 
35 | Finney.......| Richland silt loam. .} 34.1 | 6.81 | 6.98 |138.0 | 7.76 | 7.90 
29 | Allen.......... Oswego silt loam... .} 68.2 | 6.98 | 7.08 |209.0 | 7.71 | 7.66 
45 | Greenwood....} Crawford clay....... 324.0 | 7-49 | 7-76 431.0 | 7.69 | 7.69 
27 | Jewell......... Lincoln silt loam... .|192.0 | 7.49 | 7.86 |136.0| 7.56! 7.73 
53 | Gove. .%...... Colby silt loam...... 78.4 | 7.49 | 7-96 |284.0| 7.90, 8.23 








The P,, values on the soil suspensions in water and in the KCI solu- 
tion do not differ widely except as will be noted. Hoagland and Sharp 
(23) found that the diffusion of KCl into the electrode vessel had a 
tendency to increase the H-ion concentration, the amount of increase, 
however, was small. It should be remembered that in soils P,, numbers 
have no significance beyond the first decimal place. Considering the 
different P,, values obtained, the general rule seems to be that the pres- 
ence of KCl increases the concentration of the H ion or the OH ion when 
either is in marked excess. That is, in very acid soils the presence of 
KCI will increase the hydrogen-ion concentration, while in alkaline soil 
it will increase the hydroxyl-ion concentration. If the P, value obtained 
is between 6 and 7 the influence of KCl is small. 

As a rule, the calcium content is higher in the subsoil than in the 
surface soil, and a higher calcium content is accompanied by a lower 
hydrogen-ion concentration. There were five soils which were exceptions 
to this, namely: 

No. 13, Oswego silt loam. 

No. 17, Marshall silt loam. 

No. 33, Summit silt loam. 

No. 51, Brown loam. 

No. 53, Marshall silt loam. 
In these the differences in calcium content of soil and subsoil were 
small. Asa rule, the calcium content exerted a greater influence on the 
reaction than did the difference between soil and subsoil. When the 
calcium content was high the P, values ranged between 7.5 and 8.0, 
which is also near the values obtained when adsorption of calcium from 
Ca(OH), was complete. 
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EXPERIMENT 22.—Py OBTAINED BY ADDING VARYING AMOUNTS OF CALCIUM HYDROXID 
TO DIFFERENT SOILS 


By adding Ca(OH), to a soil in such a way that several definite but 
varying amounts are used, and then determining the P, values of the 
different portions, it should be possible to determine the equivalent 
CaCO, needed in the form of Ca(OH), to give any desired P, value. A 
number of the soils used in Experiment 21, the initial P, number of 
which was less than 7, were selected for this experiment. Varying 
amounts of the Ca(OH), solution and enough KCl to make the concen- 
tration 0.5 N were added to three portions of soil. The amounts of Ca(OH), 
to be added to the different soil portions were judged partly from the 
initial P,, value obtained on the soil suspension in KCI solution and 
partly by the ‘general character of the soil. The solution was left in 
contact for the usual 24 hours. The results are given in Table XXII. 
The figures are grouped according to the decreasing value of the hydrogen- 
ion concentration. 


TABLE XXII.—Changes in Pq values produced by adding Ca(OH), to different soils 





Calcium added, mgm. 











_ County. Soil type. 

| | ° 8 16 24 
| Pu Py Py Pq 

| Oswego fine sandy loam..... 4.82 | 6.14 | 7.35 | 8.03 

say 06 | MEMEO 5 neo cred se s'es so 8d 4 82 | 5.87 | 6.95] 7.56 

.| Crawford clay.............05 4 82 | 6.31 | 7.39] 7.96 

| Summit silt loam............| 5.06 | 6.34 | 7.32 |...... 

..+| Neosho silt loam.............| 5.06 | 661 | 7.52 | 8. 67 

...| Osage loam..............45. 5.06 | 6.75 | 7.66] 8.72 

..| Oswego silt loam. .......... 5.16 | 6.64 | 7.49] 7.96 

oie APES GO. oo. oes cece vee eeeees 5.33 | 6.64 |...... 7.76 

Marshall silt loam. ......... 5.40 | 6.20 | 7.49] 7.83 

Summit silt loam............| 5.46 | 6.37 | 7.73 | 840 

















° 48 9-6 14-4 
Mr Ses tai: Marshall silt loam. ......... 5. 50 | 6.20 | 6 95 | 7.15 
5t | Leavenworth....... Brown loam................ 6.04 | 6.61 | 7.08} 7.59 
OF FORE 80 84.653-05400 I oa Per errr ee 6.10 | 7.25 | 7.86| 8 56 











° 204 48 7-20 
Greensburg sandy loam......| 6.07 | 6.58 | 7. 7. 46 
Colby silt loam..............] 634] 675 | 7.20] 7.49 
| Lincoln clay : 0... 65:0. dees! 6.44 | 675 | 7.12) 7.35 
Crawford silt loam.......... 6.44 | 695 | 7.08 | 7.32 


























There is in general a relationship between the initial hydrogen-ion 
concentration and the P, values produced by the addition of a certain 
amount of Ca(OH),. If the initial hydrogen-ion concentration is high, 
a given amount of Ca(OH), will produce a smaller change than if the 
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initial concentration is low. This is due to the neutralizing effect of the 
acid-producing substance. Soil texture also has an influence on the 
result, shown by the fact that a certain amount of Ca(OH), will not 
produce as great a change in the P, values in clay and silt soils as in 
sandy soils. Most soils in which the initial hydrogen-ion concentration 
corresponds to a P,, value of 5.5 or less required about 5 tons equivalent 
of CaCO, per acre to approximate the hydroxyl-ion concentration usually 
found in soils of high calcium content. 


EXPERIMENT 23.—TOTAL CALCIUM OF SOILS AND CALCIUM SOLUBLE IN 0.5N HYDRO- 
CHLORIC ACID AND 0.5N POTASSIUM CHLORID SOLUTIONS 


The soils used in Experiment 18 had been previously analyzed for total 
calcium in connection with the work of the State soil survey. The cal- 
cium soluble in 0.5N HCl and in 0.5N KCI solution was determined by 
digesting at room temperature for 24 hours. The data obtained are 
presented in Table XXIII. 


TABLE XXIII.—Total calcium and calcium soluble in 0.5N HCl and in 0.5N KCl 
































Surface soil. Subsoil, 
Soy County. Soil type. 
vo | 28h | ga || ae | 
Mom. | Mom. | Mom. | Mom. | M M 
31 | Allen.........4 “od fine sandy 25 15 15 27 or "28 
oam 
BO Vives Ps Li gs 04's Osage clay. . Pe a 35 36 56 50 51 
MAB es SSA Neosho silt loam. . . . 39 17 16 36 36 39 
yd eg do........ Osage loam.......... 50 26 25 41 28 28 
49 ated ..| Crawford loam....... 39 18 ar 38 25 31 
11 | Allen... ..| Summit silt loam....} 37 35 33.| 195 | 195 | 56 
17 | Brown.........| Marshall siltloam...| 45 31 26 57 37 38 
33 | Allen..........| Summit silt loam....} 37 18 16 31 17 | 19 
15 | Riley......... Oswego silt loam....} 64 33 31 96 74 51 
13 | Allen. . Aa Perere: GP i139). wavws - 36 26 26 41 31 35 
53 Brown. ..| Marshall siltloam...} 62) 31 27 71 29 33 
51 Leavenworth . .| Brown loam......... 58 33 27 59 24 27 
57 | Barton. . “F bos eg sandy 58 26 18 | 134| 112 33 
oam. 

47 | Cherokee. ......) Oswego clay.........| 77 35 33 | wr} 154 145 
21 | Harper.........| Brown loam......... 42 14 II 47 17 16 
39 | Jewell......... Lincoln clay........ 104! 42 39 | 172 54; 44 
ee  Seegiee Colby silt loam...... 59| 27 24 06 78 | 45 
19 | Brown.........| Osage silt loam...... 80 59 38 | 128) tos | 54 
43 | Greenwood..... Crawford silt loam...} 49 32 29 60 57 40 
35 | Finney.......| Richland silt loam...) 81 34 26| 421 | 139 33 
29 | Allen.......... Oswego silt loam....| 82 68 52 | 215 | 209 61 
45 | Greenwood.....} Crawford clay........| 320] 321 47 | 311 | 434 33 
37 | Jewell......... Lincoln silt loam.:..| 222 | 192 §2| 150] 136 42 
55 | Gove,..........| Colby silt loam...... 183 78 34| 256| 285 34 








The total calcium obtained by the fusion method was uniformly 
greater than the calcium soluble in either the HCl or KC! solutions, 
and the differences were more marked in soils of low calcium content. 
This means that the lower the calcium content the lower the relative 
solubility. In soils of comparatively low calcium content the amount 
soluble in a KCl solution was nearly the same as that soluble in a HCl 
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solution of the same normality. When soils contained a large amount 
of calcium the solubility in the KCl solution was much less than in HCl, 
and the difference increased with increasing amounts of calcium. In 
several of the preceding experiments it was shown that very little or 
no calcium was adsorbed in the presence of KCl when the amount added 
in Ca(OH), was small. This indicates that the calcium is changed to 
a soluble salt. Considerable amounts of calcium were adsorbed in the 
presence of KCl when the added amount of Ca(OH), was large. The 
power of KCl to change calcium in a soil to a soluble salt is limited. 
Calcium in soil is usually present as a silicate or a carbonate, a salt 
of a weak acid and strong base. When KCl is added to soil CaCl, and 
the potassium salts of the weak acids are formed, the reaction being 
often described as basic exchange (47). ‘This is a reversible reaction, 
governed by the law of mass action. 


GENERAL DISCUSSION 
ORGANIC VERSUS INORGANIC ORIGIN OF ACIDITY 


There are a number of theories relative to soil acidity, soil reaction, 
and lime requirements. Some of these are discussed by Fisher (13). 
The substance which determines whether the hydrogen ions or the hy- 
droxyl ions shall be in excess may be of organic or inorganic origin. When 
organic matter decays in soil organic acids may be formed. Such a 
source of acidity is common in muck and peat soils (29, p. 355). In 
soils principally of mineral origin, organic matter apparently does not 
play an important réle in the production of soil acidity (zr, 25). That 
a considerable amount of an organic acid may be added to such mineral 
soils without increasing the hydrogen-ion concentration was shown in 
the experiment with oxalic acid. In fact, the addition of small amounts 
of the feebly ionized acid actually increased the hydroxyl-ion concentra- 
tion, probably because of the formation of salts of a weak acid and strong 
base. This explains the well-known fact that instead of increasing 
acidity the addition of organic matter may actually decrease the same. 

All of the soils used in this study were derived mostly from limestone, 
lime shale, and sandstone. They were therefore typical mineral soils. 
That organic matter does not determine the reaction of such soils is 
shown again by the fact that after ignition (Experiment 12) the P,, values 
were not materially changed. The source of the excess hydrogen-ion 
concentration is in the mineral portion of the soil. Harris (17, 18, 19) 
found many acid soils that were deficient in organic matter. Most 
acid soils are of mineral origin, and organic matter is only an indirect 
factor in the production of the acid condition. 


ACID CONDITION PRODUCED BY WEATHERING 


The cause of the acid condition of a mineral soil is due to chemical 
changes which are a part of the weathering process, or the process by 
which soils are formed from rocks and minerals. Acid soils are likely 
to be found where the annual rainfall exceeds evaporation, and alkaline 
soils when the opposite condition prevails. Continuous addition of 
NaNO,, (NH,),SO,, or CaH,(PO,), may also affect soil reaction (5, 10). 

When silicates, such as the feldspars, undergo weathering the chem- 
ical changes which take place may be represented by the equation: 


K,0 - Al,0, - 6 SiO, + CO, + 2H,0 = K,CO, + 4SiO, + ALO, : 2 SiO,-H,0 
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The reaction is similar when calcium or some other strong base is present 
in the original mineral. The base sodium has been removed from soils 
in humid regions to such an extent that very little is left. Under present 
climatic conditions calcium is the base removed in largest amount (22, 
p. 22-23) . Since the earth’s crust contains nearly the same percentage 
of potassium and sodium (9g), and also since soils of mineral origin con- 
tain more potassium than sodium, it is indicated that potassium is less 
readily removed. 

In the Tropics, where the conditions of weathering are more intense, 
the process goes further than that represented by the above equation. 
The equation for this more intense transformation may be written 


(34)— 
K,0O - ALO, - 6 SiO, +3 H,O+CO,=2 Al (OH),+K,CO,+6 SiO,. 


The similarities and differences of the two equations are apparent. 
Both show that the bases are transformed into soluble forms, and in 
this condition may be readily removed by leaching. However, in the 
formation of the alumino-silicate, kaolin, only two-thirds of the silica is 
set free from the original mineral. In tropical weathering, according to 
the above equation, all the silica is split off and the aluminum is found 
as the hydroxid, gibbsite, the characteristic mineral of laterite. 


REMOVAL OF BASES THE FUNDAMENTAL CAUSE OF ACIDITY 


The elements potassium, sodium, and calcium in those minerals which 
form soil are in a condition of unstable chemical equilibrium under 
humid climatic conditions. They form the weak link in the mineral 
molecule. Under the conditions of a humid climate they are removed 
by various agencies, and the more stable alumino-silicates found in clay 
are produced. This removal of bases is the fundamental cause of the 
acid condition of soil of mineral origin. 

Cameron and Bell (6) give another picture of the chemical transforma- 
tions which take place in the weathering of silicates. They write the 
equation as follows: 


KAISi,O, + HOH = KOH + HAISi,O, 
The successive removal of silica is represented as follows: 


HAISi,O, — SiO, = HAISi,O,, pyrophyllite. 
HAISi,O, — SiO, = HAISiO,, kaolinite. 
HAISiO, — SiO, = HAIO,, diaspore. 


This chemical reaction explains the alkaline reaction of finely ground 
suspension of orthoclase in water. Under humid condition the base is 
removed and the acid alumino-silicate is left. This is very slightly solu- 
ble and feebly ionized. 

The equations also show the splitting off of silica, and, at present, 
considerable amounts are being leached from the land surface (22, p. 
22-23). This may be removed, at least in part, in the colloidal form 
(24). But the serious loss is that of calcium, which under climatic con- 
ditions is leached in large amounts from cultivated land. (30) 


60374—23-—-3 
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The carbon dioxid needed for this weathering process is derived 
partly from that brought to the soil in rain (9), and perhaps to a larger 
extent from the decay of organic matter in the soil. In this way organic 
matter indirectly brings about an acid condition of the soil. 


IMPOVERISHMENT OF CALCIUM, THE END RESULT OF WEATHERING 


The net result of the weathering process is the removal of bases, 
mostly in carbonate form, the production of free silica, and the accumu- 
lation of the alumino-silicates. The presence of calcium in soil in the 
noncarbonate form indicates that all of the calcium has not been re- 
moved from these silicates. A large part of this calcium is soluble in 
dilute hydrochloric acid and in ao0.5N solution of KCl. In this process 
the potassium is taken up by the silicate and the calcium is set free in 
equivalent amounts (36). This process is usually called basic exchange 
(43, 46, 47). The ionic and adsorption theories show that calcium is 
made soluble because of the excess of hydrogen and chlorin ions when the 
adsorption of potassium takes place. The weathering process produces 
a soil poor in calcium. Plants need calcium for growth and development. 
What is often called an acid condition exists when calcium is so firmly 
combined with the alumino-silicates that it is unavailable for plant use. 
Under such a condition calcium supplied even in the form of CaSiO, 
may be beneficial, not because it reduces the hydrogen ions, but because 
it satisfies the need of plants for calcium. When calcium in the form 
of Ca(OH), is added to soils which contain these alumino-silicates the 
basic condition of the original mineral tends to be restored. Such re- 
combination may be purely chemical. If this is true, there are an in- 
definite number of alumino-silicates in which calcium is only partly 
taken up. This was shown in several experiments in which the amount 
of calcium adsorbed was definitely related to the amount added. 


ACID NATURE OF WEATHERED ALUMINO-SILICATES 


The acid nature of weathered silicates, or the property which makes 
them combine with bases, can be seen from the following explanation 
based on Clarke’s theory (8). The simplest method of representing 
many, perhaps all, of the orthosilicates of aluminum is as substitution 
derivatives of the normal salt Al, (SiO,), derived from the normal silicic 
acid H,SiO,. The existence of this silicate has not been proved, but 
several minerals such as nephelite, NaAlISiO,, leucite, KAISiO, and 
Kryptolite, HAISiO,, in which one or more atoms of aluminum are 
replaced by other metals, are known. The acid nature of the latter 
is suggested both by the formula and by the substitution of hydrogen 
for the bases potassium and sodium. 

The structural formulas (8) of the normal aluminum silicate and 
kaolinite suggests the acid nature of the latter. 


Normal silicate, Kaolinite. 
810, =A] H 
<Sio, =Al ico =H 


NSio =Al ™sio=al 


It is well known that kaolin has ari acid reaction toward indicators. 
Fuller’s earth, a substance of the same chemical nature as kaolin, gave 
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(Experiment 13) a P, value indicating a higher hydrogen-ion concen- 
tration than that found in many acid soils. The adsorptive power for 
calcium was also greater. ‘The silicates present in such materials as 
fuller’s earth and kaolin are relatively insoluble and very feebly ionized. 
Rice and Osugi (39) found that the catalytic effect of the hydrogen ion 
from some silicates as indicated by the inversion of cane sugar was nil 
when KC! was absent, but considerable when this salt was present. 
The greater hydrogen-ion concentration produced by adding a neutral 
salt like KCl to an alumino-silicate is due to the adsorption of potassium 
(36), thus increasing the number of hydrogen ions. When a soil is 
suspended in water and agitated, some bases readily go into solution, 
as is well known by the analysis of the water extracts. Some of the 
hydrogen ions in a water suspension can be accounted for by the re- 
adsorption and consequent rearrangement of bases. 


ADSORPTION VERSUS CHEMICAL COMBINATION 


Whether the changes which occur when a hydroxid such as Ca(OH), is 
added to soil shall be considered purely a chemical reaction or more in 
the nature of an adsorption phenomenon has been the subject of con- 
siderable study (3, 17, 18, 19, 45). Recent ideas (16, 27) concerning the 
relationship between molecules, such as occur in the formation of crystals, 
and the phenomena of adsorption would point to the conclusion that 
there is no sharp dividing line between a purely chemical union of ele- 
ments or compounds and adsorption. If it is true that chemical com- 
pounds form when Ca(OH), is added to soil, then from the experimental 
data here presented there must be an indefinite number of such com- 
pounds, all with different formulas. It is simpler to assume ordinary 
adsorption as an explanation. 


THE PROCESS OF ADSORPTION 


The process of adsorption was demonstrated in the experiment of 
Linder and Picton (28), who showed that when As,§, is precipitated from 
colloidal solution by BaCl, a certain amount of the barium is carried 
down and a corresponding amount of HCl produced. Parker (36) found 
that when an acid soil is shaken with a solution of KCl the potassium is 
displaced by aluminum and other bases in nearly equivalent amounts, 
the chlorin remaining unchanged. However, when NaOH was also 
added together with the KCl his data showed that just as much potas- 
sium was absorbed, but no calcium liberated. The following equations 
illustrate what takes place: 


KCl =K+ -Cl 
HOH=OH-+ H+ 
KOH (adsorbed) + HCl 


In soils of relatively low calcium content the solubility of this element 
(Experiment 23) in 0.5N KCl was the same as in o.5N HCl. ‘The above 
equations show that in reality HCl is the dissolving agent. If a base 
like NaOH is present, NaCl is formed and no calcium is dissolved. 
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THE CAUSE OF THE LOW INTENSITY OF SOIL ACIDITY 


If the HCl formed when potassium is adsorbed from KCl remained 
uncombined, then the increase in hydrogen-ion concentration would be 
much larger than it is normally. Calcium silicates are present, and the 
further reaction may be represented as follows: 


HCl+ Ca silicate=CaCl,+H silicate. 


The relatively small hydrogen-ion concentration is due to the hypo- 
thetical feebly ionized silicic acid or the acid salt. The larger the amount 
of calcium in the soil, even in the form of silicates, the less the hydrogen- 
ion concentration. ‘This is also the reason why in the presence of a small 
intensity of acidity, a relatively large amount of base such as Ca(OH), is 
necessary to shift the equilibrium from a high to a lower hydrogen-ion 
concentration. This fact was shown in several of the preceding experi- 
ments. 


HARMFUL EFFECTS OF ALUMINO-SILICATES 


Several investigators (1, ro, 20) have shown the harmful effect upon 
plant growth of aluminum in some soils. The net result of the weather- 
ing process is the enrichment of aluminum in the mineral matter of the 
soil at the same time that there is an impoverishment of the bases. In 
tropical weathering this is carried to the extreme, as has already been 
shown. The luxuriant vegetation of the Tropics would indicate that 
the accumulation of aluminum is not in itself harmful. Just why 
aluminum compounds should be toxic under some conditions and not 
toxic under such extreme conditions as laterite weathering is a problem 
which apparently has not been investigated. The explanation probably 
lies in the nature of the subsoil. If the subsoil is open, transference of 
matter takes place more readily and a better balance is maintained. 
The addition of calcium compounds removes the toxic effect of alumi- 
num (20). The cycle of aluminum in nature and its effect on the physio- 
logical activities of plants is given by Stocklasa (42). 


ADSORPTION OF CALCIUM AS A PROCESS OF REPLACEMENT 


The presence of such alumino-silicates as are produced by weathering 
probably accounts for the adsorption of calcium from such compounds 
as Ca(OH), and CaCO,. Leaching and treatment with acids, both of 
which may be considered as intensified processes of weathering, increased 
the adsorptive power of the soil (see Experiments 11 and 14). Calcium 
adsorption was the same whether the original acid-treated soil was 
high or low in calcium (see Experiments 14 and 15). The adsorptive 
power is conditioned upon the alumino-silicates that are produced by 
those processes which make soil. Adsorption in soils is a process of 
replacing the lost base. 


RELATIVE ADSORPTION OF CALCIUM AND POTASSIUM 


When KCI is present in large amounts the need of these alumino- 
silicates for a base is satisfied. When the ratio of calcium to potassium 
was very small no calcium adsorption took place. When the ratio of 
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calcium to potassium was 1 to 30 about half as much calcium was ad- 
sorbed as in the absence of KCl, and considerable was adsorbed even 
with a wider ratio. This indicates that the adsorptive power of these 
alumino-silicates for calcium is greater than for potassium. 


CONCLUDING STATEMENT 


The process of weathering removes by degrees the bases in soils, and 
hence alumino-silicates are present with varying amounts of bases. The 
definite composition of many supposed minerals is questioned (38). If 
definite calcium aluminates exist, an equilibrium must have been reached 
(38). In the absence of such an equilibrium a heterogeneous mixture 
is present. If the removal is gradual, and substances are present with 
varying amounts of bases, the recombination would also be gradual. 
These may be purely chemical combinations, but, if so, the quantitative 
relationship is as would be expected by the adsorption law. This has 
been shown in Experiments 5 to 18. The amount of calcium adsorbed 
bears a certain relation to the amount added. The total amount ad- 
sorbed increases according to.the amount added. When relatively small 
amounts are added, all is adsorbed. When larger amounts are added 
the greater part is adsorbed. Adsorption is further emphasized by the 
fact that the amount of clay has a greater effect on the amount of cal- 
cium adsorbed than the intitial hydrogen-ion concentration (Experi- 
ments 19 and 22). 

Many problems have been suggested by the present investigation. 
There are a number of factors which affect the electrometric measure- 
ments on soils. The hydrogen electrode does not give as satisfactory 
results with soils as it does with many other materials. The phenomenon 
of poisoning the electrode that exists with other materials is worse with 
soil. There is great need of standardizing the electrometric method for 
soils. Several of the experiments should be repeated on a more extensive 
scale; particularly those on the effect of organic acids on soils; leaching; 
ignition; and the acid treatment. More knowledge is needed concerning 
the solubility of the acid-forming substance in soil. The adsorption of 
the hydroxy! ions, only incidentally touched upon, needs further inves- 
tigation. 

SUMMARY 


1. Acidity or alkalinity of aqueous solutions is expressed by the sym- 
bol P, and some number which denotes the degree of the hydrogen-ion 
or the hydroxyl-ion concentration. The ion in excess determines whether 
the solution is acid or alkaline. This general concept is applied to water 
solutions and water suspensions of soil. The hydrogen-ion concentra- 
tion in soil was measured with the hydrogen electrode. When used 
with soil this method presents many difficulties; these, however, are not 
necessarily insurmountable. 

2. Since surface plays an important part, and phenomena of hetero- 
geneity are manifest, the term adsorption rather than absorption is used 
to describe the combination of soil and Ca(OH),. Quantitatively, the 
combination obeys the adsorption law. 

3. Successful use of the hydrogen electrode with soils depends on 
effective methods and efficient apparatus. A special apparatus was 
devised by which it is possible to carry on six electrode measurements 
at the same time with the minimum attention of the operator. 
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4. A large part of the experimental work was done of one soil, with 
supplementary work on other soils and materials. Calcium in the form 
of Ca(OH), was added to soil in various amounts and the Py values and 
unadsorbed calcium determined. This was done both in the presence 
and absence of KCl. CaCO, was also used in some experiments. 

5. The general effect of KCl was to increase the hydrogen-ion concen- 
tration except in soils which have a comparatively large amount of 
calcium. It reduced calcium adsorption from zero to one-half, more 
being adsorbed with the larger amount of Ca(OH), added. 

6. The hydrogen-ion concentration was greater on the suspensions 
than on the extracts except where there was an excess of hydroxyl ions. 
Leaching a soil did not decrease. the hydrogen-ion concentration nor the 
adsorptive power; the last of these, however, was decreased by ignition. 
The addition of CaCO, and Ca(OH), did not materially affect the Py 
values unless there was a long period of contact with the CaCO,. The 
amount of calcium adsorbed from Ca(OH), was not affected by the pres- 
ence of CaCO,. The adsorptive power of soil was more closely related 
to the clay content than to the original hydrogen-ion concentration. 

7. Fuller’s earth had a higher hydrogen-ion concentration and a greater 
adsorptive power than soil. 

8. The hydrogen-ion concentration and adsorptive power of soil when 
treated with hydrochloric acid and washed was the same irrespective of 
the original calcium content of the soil. 

9. Addition of small amounts of 0.04N HCl increased the hydrogen-ion 
concentration proportionally to the amount added. Oxalic acid of the 
same concentration decreased the hydrogen-ion concentration with the 
smaller portions of acid, and increased it with the larger portion of acid. 
This increase was not as great as with equivalent amounts of HCl. The 
difference in the effect of the two acids is due to the formation of feebly 
ionized salts of a weak acid and strong base in the case of the oxalic 
acid. 

10. The fundamental cause of the acid condition of a mineral soil is 
found in the chemical changes which accompany weathering. The bases 
are removed and acid alumino-silicates accumulate. Since the removal 
of bases takes place gradually, readsorption would take place in a like 
manner. The harmful effect of these alumino-silicates is not necessarily 
due to the higher hydrogen-ion concentration, but more probably to 
the adsorption of calcium to such an extent that not enough is available 
for plant use. The amount of calcium adsorbed when definite amounts 
of a solution of Ca(OH), is added to soil and the Py value produced can 
be measured by the methods described. 
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TIME FOR TESTING MOTHER BEETS? 


By Dran A. Pack 


Plant Breeder, Sugar-Plant Investigations, Bureau of Plant Industry, United States De 
partment of Agriculture, Salt Lake City, Utah 


In the investigations carried on during the past three years at Salt 
Lake City Station, great irregularity has been noted in the quantity of 
sugar lost by individual sugar beets during storage. Sugar beets stored 
under ordinary silo conditions for three months lose from a few tenths 
of 1 per cent to 8 per cent of sugar. This means that of two beets each 
containing 16 per cent sugar at harvest one might, after storage test 15.8 
and the other 10 percentsugar. One may also find beets (a) of 20 and 
(b) of 17 per cent sugar at harvest time, showing spring tests (after 
storage) of 12 and 16 per cent sugar, respectively. This irregularity in 
the percentage and quantity of sugar lost by individual beets during silo 
storage is also to be found in beets stored under controlled moisture and 
temperature conditions. Yet the State experiment stations and the 
sugar beet companies which are developing their own seed, following 
the common practice, are at the present time still testing their sugar 
beets in the spring after these beets have been stored over winter. In 
view of these facts the question of the proper time for mother-beet test- 
ing forces itself upon us for immediate consideration. 


HISTORICAL 


Fried] ? in 1912 tested 340 beets before and after storage. These beets 
lost from 1 to 10 per cent of sugar during storage. He also worked in 
connection with several sugar factories on the loss of sugar by commer- 
cial beets during storage. From his studies he concluded that there was 
a heavy loss of sugar in beets during storage. 


METHODS 


This paper deals only with beets which were stored as usual in an 
ordinary silo. The beets were harvested during October, 1922, tested, 
weighed, and placed in storage during November, 1922. After 98 days in 
storage the same beets were weighed and tested as before. A special 
machine made at this station which permits the same beet to be sampled 
several times without injury was used. All beets tested by this machine 
came through the storage period in perfect condition. No rot or decay 
was found, and every beet that had been tested in the fall was again tested 
in the spring. The exceptionally good condition of these beets was due 
to the improved methods of sampling and storing employed. 

A number of beets were sampled two or three times each, and the 
sampling method was found satisfactory from a chemical standpoint. 
The samples taken from beets after storage were sufficiently separated 
from the cuts made before storage to insure against oxidation and other 
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tissue changes occurring during storage. 
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The chemical idiaditis was 


made according to the method devised and described by S. F. Sherwood, 


chemist, 


Sugar-Plant Investigations, 
Agriculture.* 


RESULTS 


United States Department of 


Table I gives the tag numbers of beets, the percentage of sugar at 
harvest (fall test), percentage of sugar after storage (spring test), and 
the difference in the percentage of sugar before and after storage. 


TABLE I.—Percentage of sugar shown by fall and spring tests and the difference between 
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TABLE I.—Percentage of sugar shown by fall and spring tests and the difference between 
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OG. co socnees 20. 4 15. 6 td ho. ee: 18. 6 16.0 2.6 
BOE. p20 cls oe ge 20. 0 17.8 O68 0 OSD. 420409693 19. 2 16.0 3-2 
BOB. csccedses 20.0 12.2 2 eres 18. 6 14.4 4.2 
|) See 21.0 16. 8 HOT OB. 0.6.04: 18. 4 15.4 3-0 
ON ee 19. 2 16.0 i? eee 19. 4 16. 4 3.0 
BOD. oc ccedions 20.0 18.0 MOE OGM. 00. cceess 17.6 17.0 -6 
BOO. we cecvess 20. 6 15.4 Ow Spee eee 18. 4 14.8 3.6 
Pe ee 18. 4 16.0 Gat B OO8. .. vc cBeii 19.8 16.4 34 
re 21.0 17.4 ge “Sere 19. 4 15.6 3-8 
BO Cr 17.6 14.2 ve eee 18. 6 14.4 4.2 
or 19. 6 17.4 SS) Bee 18.8 16. 6 2.2 
BOD vc ovietewe 19. 0 15.2 Pe) ees 19. 0 16. 6 2.4 
BOB. oo cocdions 17.0 14. 6 Toe Serer cc. 19.6 16.8 2.8 
AS Aree 18.0 13. 6 Pr’ 2.) eres 18.6 16.0 2.6 
SO 20. 8 15.8 SiO F OGD. 0c cceeci 18. 6 15.6 3.0 
ere 19. 2 15.6 Ce ae ee 18. 4 15.6 2.8 
| See Oe 20. 6 17.6 BiG BOW: oe eee sezs 19.2 14. 6 4-6 
ot eee 16. 6 14. 6 GeO 8 OIG. 000608083 19. 6 16. 4 3-2 
SES, csv cieeede 20.0 16.0 OO F O98. co vccdesi 18. 4 14. 4 4.0 
ere 17.8 14.0 GeO B Bibs occ devon’ 17.4 15.0 2.4 
GER. vec vcnose 18.8 15.8 30 F B7§. .ccccnees 18.8 15.8 3-0 
BIG. 1. ooo wons 17.2 14.2 SO F SFG. 20 cedsse 16.8 12.8 4.0 
| Ae er 17.6 13.6 ry Le. See ery 19. 4 15.6 3.8 
eee rr 21.0 16.0 Be@ OE CIOs o00ce5asi 18. 2 15.4 2.8 
BID. cocccpoes 19. 2 15.4 BrP FOGG. oc cccdans 18.8 16.0 2.8 
BOD. occ comows 18.0 14.8 a e Seeere oe 17.6 14.0 3-6 
eee oe 17.4 13.2 ry a Cee 16. 6 13.4 3-2 
OAR, ocsnsaeis 18. 4 11.6 Ua? Seer 18.8 14.8 4.0 
Re 18. 4 14. 8 Pla. | Serre oe 15.8 14.0 1.8 
GOB ccvnseyne 18.0 13.4 O16 § OED... 0c cies 20.0 15.6 4.4 
| errr 15.4 13.8 316 F OEQ. 0c ccsevs 18.8 16.4 2.4 
Se ee 18. 8 12.0 6.8 |] 290.......... 17.4 14-4 3.0 
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TABLE 1.—Percentage of sugar shown by fall and spring tests and the difference between 
the two—Continued 
ee ee a Oe a ee 
| 
| Per cent. | Per cent. | Per cent. Per cent.| Per cent. 

Se ee 19. 4 15.2 eS Re: Pee 21.6 | 15.6 
OR Be 18.0 13.6 BSR 11. SOR.) «0500 Owes 18. 8 15.4 
BOR... i 00g2 19. 4 16. 6 O08 1 208... ic 0.83 18. 6 15.0 
COE cccxe tags 18.4 14.8 3-46 I] 90§.--- secon 17.0 12.8 
| See. 20. 2 17.0 BOT BGO. 0s ie Ends 1g. 8 17.0 
BOD. 0 onde 21.8 18.8 Sik See 20.0 29.2 
Oe 1g. 0 15-4 36 |] 400... codecs 20.0 15.6 
ES oe 18.8 16. 2 2.6 |] 402........4. 18.6 15.0 
et See 18. 6 15.8 2.8 |] 402........5. 20.0 17.0 
BOD. 0 nc0 tage 20. 4 16. 8 Br6 F G08...» eg! 17.4 14.0 
SC Eee 16. 6 14.4 Som f GOB. 2. ol 0085 17.0 13. 6 
G00. ....8.0 18. 6 16.0 B56. O08... Oees 18.8 14.8 
ee oe re 18. 6 16. 6 Be 1 G06... . 6.0.03 17.2 13.4 
BOB... ee neee 17.4 14.0 ee. aes 16. 4 13. 4 
BOD... Wade 18.0 16.6 Tit 1 O3Q.... 0.004 19. 4 15.6 
PS ee 18. 4 15.6 OcB | GiS... «0: odd 17.0 13.8 
tan oe 18. 2 15.2 Se® fT RIS... os}. od 16. 8 12.4 
Ta et 18. 4 15.4 BO 1 Bth..... PV 18. 2 15.6 
BEB. ov ene band 17.4 15.6 oa Se 19. 6 16. 2 
BIB. ces owass 18.0 14.4 916 |] SBP... voi 17.8 15.8 
ST eee es 20.2 16. 6 3r0 F OID... 0 Vee 14.4 12.4 
ee 19.8 15.6 GeO 9 B00... 2b.) 18. 4 14.8 
eo ee 18. 6 15.0 <3. eee 18.8 14. 2 
ee 17.4| 14.0 Ga} Was... - 1.0084 20.0 14. 2 
oY Were 17-4 | 14.8 20 3 O56.... 2.00! 18.0 14. 6 
re eee 18.8 14.0 yO 0 490......5.47 20.0 16. 2 
BRO ..o + sera 20, 2 27.9 BrO 8 GAP w . 05 5( BN 19. 6 15.8 
ASE... gews 19.0 16.0 3-9 |] 435. ++-eeeeee 20. 6 17.0 
B33 5-5 6 odin d 21.6 16. 8 Q6 f a96....0.060i 21.6 Ig. 0 
oe ee) 21.2 17.8 BS 1 AGO... Foi 20. 2 17.6 
St Eee ee 18.8 13. 6 3% Nee 21.2 16. 4 
eee 18.8 14.6 O28 Gag... 25.001 17.6 13.8 
BAT... cents] Ree 14.0 Oe Baie... . J Past 22.4 16. 8 
ee ee oe 17.0 14.8 2.2 |] 440... .. cee 19. 0 15.4 
BAB. 00 cedaws 19.4 15.0 oe Meh ee 20. 4 17.6 
BED. .- ocvends 21.4 18. 0 Ba f OED... basi 20. 6 16.0 
BER oc. da bobh 17.6 13.8 Ce eee 21.4 18.0 
BEE cas Veet 19.8 12.4 2 0 eee ee 1g. 6 17.0 
B50. ...8.Ge0d 18.0 14.8 ee ee 21.0 15.6 
“See on. 20. 6 16. 4 QO £-OR7. .....). G00! 17.6 14.8 
BEE nos os OE 15.2 12.4 BO8 FORD. ci Vets 20. 8 16. 4 
Ee 15.6 13. 6 BO T GOR... 2. vets 20. 6 16. 8 
BOO... eds | 19.2 15. 6 a ee | 208 17.0 
Soe ee | 19.8 15.8 BrO F GGD.. 2.0.08! | 208 15. 6 
, Bee oo: | 19. 8 Tk. BOO PUGS... 5.002 20. 8 15.6 
ee ore 18.0 15.8 2.2 |) 47%....--0005 18. 8 16. 2 
BIE. oo si Gagl | 17.8 14. 4 ye 2); ere 22.0 16. 8 
ee | 21.0 17.4 3:6 |] 473. ...-.000: 20. 0 13. 4 
et ee ee 15.8 2.6 || 474......005- 21.0 18.0 
B76... 0 Vval | 18.4 15.0 aca ff 475... 0.0.03 | 21.2 16. 4 
CS et | 19.2 15.2 4:0 |] 477.....-066: 21.4 17.2 
eee ce | 18.2 14. 8 SOR F A978... Rod | 20.6 14. 4 
OBE... Vedl | 18.8 14.8 BO t §......5201 | 23.4 17.0 
ORD. 5. sda! | 18.0 16.0 €0 |] 480......8608 19. 4 16. 8 
MOB, 6 os ce badd | 18.8 16. 2 06 f a08......00i! | 22.2 16. 2 
BBE o.o.0ccectobt | 180 14.0 Of 4B4......0 005 21.6 18.8 
ke | 20.2 15.2 SO f O88... ..t061 | 20. 4 16.0 
ak | 20.6 17.0 GVO 7 Bos. ....0. 9281 ; 197.6 12. 4 
ne err | 19.8 16. 6 v8 Ff Rog... Pe | 18.4 15.6 
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TABLE I.—Percentage of sugar shown by fall and spring tests and the difference between 
the two—Continued 
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Tag. No. test. test. ence. Tag No. 
Per cent. | Per cent. | Per cent. 
PCa ore. 20. 2 15.2 SOP GOES 50 oe Sadi 
pS ee ee 20. 4 15.2 a eee 
GBB. 60:6.0j0 F0: 20. 2 16. 6 Ca tO ee ee 
GOS. see deed 19. 0 16.0 Oo Os .. dees 
BOB. oc cnis Gort 18. 6 15.8 | eee 
GOO... ce seeee 20. 6 16. 2 yy eee ee 
BOD. o cincole ure 20. 0 17.0 a” ar cre 
Sees 18. 8 14.2 SIGE Gs oe cin Outs 
GOB... occa Ted 20.6 15.4 SiO WGs «2. 0k ed 
BNO. 60 cic Poke 19. 6 16. 0 RO WSs .. ww vege 
DEB. once i vite 19. 0 16. 6 SGT GORA «0000 nei 
Rk 21.4 17.0 oc@i il Glas ...-). dai 
BEA. coc tuks 20. 8 15.6 GREP OBB « «oie tape 
BAB «cosine 18. 8 15.2 SOs GORs .. dng 
ee 20. 8 16, 2 OrOi ll GOOs .... 0.8.02 
Ee 21.0 16.0 ee 
RS 20. 6 15.6 SPOT GORE ... sie Gees 
Bw oinncole Che 21.8 18. 4 Pe ae 
rs 20.4 15.0 SG O05... oe dines 
Beh ey 21.4 16. 6 QB ORR, «0. 00455 
Se eae 20. 8 17.4 Ry A er ee 
| Re 19. 6 14.8 48) Gags... ..da5 
Ess, « xsic eee 20.0 16.0 4.0 |] O15. ......66- 
| I A e 20.0 16.0 QO GEG ..0..00Ko08 
Ds uctcceeks 16.0 15.8 eM} GRBs . vor age 
Pet 18. 4 13.8 GG GAGS. .0. nic dsb3 
WOR. 5.6 viele Pode 20. 4 16. 6 $601 GEFs... 0063 
BBs. scccunetes 19. 6 14.8 4.8 || 630.......... 
ssa cee 19g. 2 14. 8 BE GOSS 60. ow So 
BS s:cetgaed 20. 8 15.6 5-2 |] 636.......... 
Re ee 20. 8 15.8 5-0 || 037..---++++- 
, SER eet 21.8 17.2 4.6 CIB 6 once ede 
Ser A 20.8 16. 4 Be OOOs...0.. Bos 
| RRS Ae te 19. 6 16. 8 BOT OERY . 0 soc dedi 
NE Bd 19. 6 16.0 3.6 | END oi0 ncn Bong 
PE A” 19. 4 16, 2 SeG' 1) GEES... wc vtind: 
ae ot 19. 6 16. 4 Ce | eee 
I a 20. 4 16.0 yee | ee 
, SRE Be 20. 4 15.0 5: 4 | ee tee 
LS aeiee 2 20. 6 17.2 3-4 |] 648.......44. 
WR, siniviels SB 20.8 14. 6 Gla GAGI. ... .0.0 oid 
| Se ee, 2 21.2 16. 4 4-8 || 650.......... 
ERS FORA. 20. 4 16.0 Arid WiOGB. .. 0 Sec 
MARR Aiko 21.8 15.6 Cid Ogee... 0 vod 
"ES ek 3 19. 6 14. 6 Ss O*|] O56; ..... do 
RR es 20. 2 16. 2 iO} OBOE... 60. Hoes 
BR 6.c: cence’ 20. 8 16. 8 40) O62;...... 0044 
). eee ae? 20. 4 16. 0 450 1) 668i... decd 
Bs in ncpiduts 20. 8 17.0 350 l] O70... 2. oH) 
RE PS 18. 6 15.4 SES} OPES... 04 Feds 
OO ii ccpavee 20.0 15.6 4nd) 67a... 2.2 dude 
sey Susie oot -4 . §:6'|| 679% ..... 600 
Nigindbimecas . 6 2.16°|| 67g...... 0.5 
are et” i 464) 696... 2. 400 
iach Sted . or. ae ee 
tonite ee SPR BZD...» 2 B.0 
isp ea ete 3.2 || 690......500% 
SORE eo SPOT] O9Os.. oe dows 
b 5. spared Oe ee eee 
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TABLE I.—Percentage of sugar shown by fall and spring tests and the difference between 
the two—Continued 


























- nm: 1 - 
meme | S| Meee | aie | nema | ee) ae 
| Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
|, Oe cee | 20.0 18.8 ev Cee 19.8 16.6 3.2 
eee | 19.8 14.2 GBH TBSs «one e knee 20. 4 17.2 3.2 
i, See ee | 19.8 17.2 BIG TN FTFOs . «0.0 vie des 20.8 15.8 5.0 
OEE 5 viele Codd | 18.6 15.4 BB |] 777 cree ee cece 20. 4 18.0 2.4 
LO Cee | 21.0 17.0 Ai03)| FEBS... 000 dea 20.0 15.8 4.2 
i SE | 18.6 15.2 SABO FEOS 0» 00 sie Gola 19. 6 15.6 4.0 
OER ins ccebeds | 180 15.2 90831 980s... 0 0s0008 19. 6 17.6 2.0 
BSE ne | 20.2 15.6 BAGG FORS. «+ 0.0 05s Geea 18.8 15.0 3.8 
ne Sie 19.0 14. 4 4-6 || 782..---seeeee 19. 4 14.0 5.4 
ee ae. | 18.8 15.6 Sees. 19. 6 15.0 4-6 
POEs ccadsFAN | 19. 2 14.8 pir |, eee ae 19. 6 14.6 5.0 
OR ccs scdods 19. 8 14.8 i, eee 20. 6 15. 6 5.0 
., TER rad 18. 4 14. 6 BaB oH] FEO 000s ce ee 17.6 14.2 3.4 
OER 54-45 Boyd | 184 13.2 ee i Pee 18.0 16. 6 1.4 
ine SOL | 19.2 16. 2 BIO FORK + oo ois Ged 19. 0 15.6 3-4 
oT eee 19. 8 14.0 5c Bil] FBO » oo 00 sin sig 21.2 17.2 4.0 
Pee re | 17.0 14.0 SEDO FIGRD s+: + 0's deve 17.8 14.0 3.8 
Se ee | 19. 4 15.4 AGO) FOES 0:0 00 00 geidla 18.2 14.2 4.0 
BOB. cccectee’ | 19.4 14.0 Seg) TQBs o 000 cc sess 16.8 12.2 4-6 
Te es | 17.2 13.6 3-6 |] 793++- sere eee 18. 4 16.0 2.4 
OT’ ee | 18.8 15.0 SRG IGEs ++ 0se aera 19. 4 16. 6 2.8 
POR cic coded’ 17.6 15.6 250']] 7950 0+eccc eves 17.8 14.6 3-2 
PRE cc cccdvdd | 16.6 14.8 TAB PIODs. » 05.0 9's Go.ta 18. 8 16.8 2.0 
ee ek 18. 6 16. 2 Sad FOL. «+0 ne 18.0 15.9 3-0 
Se a eee 17.2 14.6 ly: See ae 17.4 14. 2 3.4 
°S eR te 18.8 14.8 ASO IED) 6.0000 Hog 20. 4 14.8 5.6 
ee 15. 6 Ge Bd| POEs.» 60 dinsie 21.6 17.0 4.6 
CAE. soca leds 21.6 17.2 Argh POOTs . 60000 He na 22.4 16.8 5.6 
BAR. n'scooh Ovea 20. 4 16. 2 re i ee 19. 2 16.8 2.4 
GEE 0c caption | 188 13.6 Bo 2 || 803... ccevens 19. 6 16. 2 3-4 
CBE... <0 sre Oow'd | 204 16. 2 43°] 804... ce seug 19. 4 14. 8 4.6 
UD y-v:5c0 ole Wutid 20.0 15.6 464 || 80S... ccceves 19. 6 17.0 2.6 
oe eee | 20.0 18. 6 TES OOR se © 06+ 00 goa 19. 4 16. 6 2.8 
es 21.2 17.2 Pee | ee ee 18, 14.6 4.2 
Oe eee 18.0 13.2 eer 20.0 16. 3-2 
OOD. con subond 20. 6 15.8 cB GOs ooo 00 a0 sa 18. 6 15.0 3-6 
a ee 18. 4 14.8 ZeGi0l| (BRO s 0. 26 00 gosh 19. 0 14.6 4-4 
ee 19. 6 14.8 ABBE yo 6 000 0 0 a 1g. 2 13.0 6.2 
es 22.4 16.2 OeSih OER s 6.0005 tee 20. 6 14. 6 6.0 
es 19. 8 15.6 ye rere 19. 8 15.8 4.0 
SS ee 19. 8 16.6 SxOty| SBAs soe ee ed 19. 4 14.2 5.2 
PE nha ematete 19. 4 16. 4 i. eee 19. 4 15.2 4.2 
re ae 20.0 17.0 Se@it SEOs << 0s cee vid 17.4 15-4 2.0 
ee ee 19. 0 14.6 ee |) Pee 20. 6 16.8 3.8 
Seer 20.8 15.4 Seg |] BIB so. ccecwes 20, 6 15.2 5.4 
pe Oe, 18.8 15.6 Ce See 18. 6 13.8 4.8 
PE visashtege 17.8 14.8 BeO BRO...» 0000 dou 19. 4 14. 6 4.8 
ED :a:k:cele CoE 19. 6 15.6 ee eee 20. 4 15.6 4.8 
ee 19. 6 16.2 BeiQi |] ORs oo eco wee 19. 6 14.4 5.2 
Se 20. 2 17.2 SaOrl| BOSs oc 00 ce gona 19. 8 17.2 2.6 
ee ee 20. 4 17.2 et.” See 20. 6 17.4 3-2 
SDs veceeth te 19. 0 16. 4 ae 21.0 17.6 3-4 
, e 21.2 17.6 eA eee 20.8 17.8 3-0 
ee 20. 4 16. 4 40.|| BAB. .... cece 18.0 13.8 4.2 
DOD covssletvadd 20. 8 17.8 eS See 21.0 17.6 3-4 
ee eee 20. 8 16.8 Me @ ith BGO, . - 65 00 «0.6% 19. 6 16.0 3-6 
OE « sc0sicSethl 19.6 16. 4 SCO WiGR) +0060 0g0.0u 19. 6 15.2 4-4 
ee 21.4 16. 2 eer ee 18. 2 15.4 2.8 
Rs -<ivcie hop 21.6 17.6 4c@-l! Bas, ....cc ce vie 19. 4 16. 3.0 
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TABLE I.—Percentage of sugar shown by fall and spring tests and the difference between 
the two—Continued 


Tag. No. Fall Spring Differ- Tag No. Fall Spring Differ- 





























test, test. ence. test. test. ence. 

| Per cent. | Per cent. | Per cent. Per cont Per cent.| Per cent 
| Ree 19. 6 17.8 a go Geeprare 20. 6 17.4 | 3-2 
eee 20. 4 17.0 Cw) ” kee 20. 0 16. 2 3-8 
PE Vases yp ale 18. 8 14.8 OB GON scien ces 22.2 17.6 4-6 
| ee 20. 4 16. 2 Ae EE ERs 6+ tea npce 20. 6 16. 0 4-6 
| J’ 1g. 0 16. 2 "gg | BARES 20. 4 17.0 | 3-4 
I ae eae 19. 6 14. 0 Cy 8 Aes el 21.0 17.0 | 4.0 
eee ee 18. 2 14. 4 Se POM tacos wet 20. 8 17. 6 | 3.2 
OE nits tKaslos | 200 15.4 YU oS  PeeeeKreee 20.0 17.2 | 2.8 
OE 6s b:08 og ace | 18.6 15.0 Cy 8 BPS 20. 2 15.8 4:4 
Reser | 17. 4 14.0 2o.& f GOR. cc cvveves 20. 4 15.8 4-6 
Uae’ woe ns es 18. 8 15.8 AC ok Gere 21.0 17.6 3-4 
| RE re 20. 4 16. 8 cy ft” ere 19.8 16. 8 3-0 
7 Pe 21.2; 17.8 re | are ot 20.0 16. 8 3-2 
Ee oe 20.0 17.0 wit eee 15.8 14. 6 1.2 
RR? 184)| 14.0 roe yt. RRs) 19. 0 16. 4 2.6 
Re 19.0) 16.0 CN Dg. ery 18. 8 16. 2.2 
See 964 { 17:8 eo Seer 20. 6 17.2 3-4 
«ee 19.0} 15.6 pee ” See, 21.6| 16.4 5.2 
ee 21.2 17.0 4.2 |] QIZ2.....2000- 20. 0 16. 8 3-2 
| 20.0 17.6 2.4 | co RR pea 21.0 16. 6 4.4 
| Oy ee 20. 4 18.0 2.4 } Se 19. 4 16. 4 3.0 
Seay 21.6| 17.6 ett eerie 20. 6 15. 4 5.2 
| ree 20.2) 16.0 4.2 } Mi rvishanes 22.2 17.2 5.0 
RS isineeeeise 20.2 17.6 Py | Pere 19. 8 16.0 3-8 
ER ae 19. 8 16. 0 3.8 || 918.....-.... 17.8 15.8 2.0 
RCE Shs 21.6, 16.6 §-O || QIQ....- eee. 18.0 15.2 2.8 
ee ee 18.0 | 17.2 a eee eee 20, 8 17.4 3-4 
| er 19.4, 15.0 5-4 || 92T......60.. 21.0 18. 2 2.8 
Sa 20. 8 16. 8 4.0 | RRA eee 20.0 16. 2 3.8 
MES ise acwraueiies 19.8 | 17.6 a Re? | 20.0 16. 8 3-2 
Re ere 21.0 16. 4 co OR RR a8 20. 4 17.2 3-2 
Ee 20.0} 15.4 eS i Ree 17.2 14. 4 2.8 
(eR aey 16.6! 14.2 Nf) RR tase 19. 6 16.0 3-6 
ere 188} 16.2 WG Bee eee 18. 4 15.4 3.0 
MS ska eues 20.8{ 17.0 3-8 || 929.....-.... 18. 6 15.6 3.0 
SS ee 21.6| 15.6 ee Seer 17.0 14.0 3.0 
Te ere 20.0] 15.4 4.6 ee ee 16.0 15.2 0.8 
> eee ee 20.0/ 15.8 re 2 Serer 1g. 0 16.0 3-0 
BR vicoistinnses 190} 16.6 SA ORs 6 ccun kegs 16. 8 13.6 3-2 
RE sce eee 18.6) 14.6 yy ESS 18, 2 15.0 3.2 
RPE Pe? 19.8 | 15.8 4- © |] 935. ---- eee. 18. 2 14.8 3-4 
SE ere 19. 6 | 14-0 rh oe See IQ. 2 15.2 4.0 
Ser ee. 20.0} 15.8 eS eee | 19.2 15.2 4.0 
| RR Rene 17.8| 13.6 as eer eee 18. 4 15.8 2.6 
ee 17.6] 13.8 Chae Soares 19.8; 16.2 3.6 
Seige oe 18.4] 14.4 OF OAD: os vc ncus 21.4 17.4 4.0 
Se ee 184] 14.6 Ce": Seer 19. 6 16. 0 3.6 
Rae 20.0, 16.0 MO © OAS: .. weaned 19. 4 16.0 3-4 
ree 22.6 16.0 OO E Ole cis tienen 20.0 16.0 4.0 
| ee 190) 13.2 pO) Ree ee 20. 8 17.0 3.8 
Mees 4s cd 20.0) 16.4 Gi FT GAB 5 vena | aro 16. 2 4.8 
A ee 20.4; 15.6 Pe 2¢ ” Serre 20.6! 16.4 4.2 
SER Se 19. 8 14.4 ee” Beene 18. 2 15.2 3-0 
ere 20.2) 16.2 4.0 Es. asec cada 18.8 15.6 3.2 
 RARRARGRE 21.2 16. 4 4.8 | 950+ +s eee ees 18. 6 14. 2 4-4 
eee eee 20. 6 17.2 SAE GRR s ce sacune 19. 6 15.4 4.2 
BOD ovo cle eg 21.4 17. 6 | Ss oo” Beene ye 21.2| 16.0 5.2 
Ms Oeceenas 20. 4 15. 4 | WO. Ole cc cteccns 20. 6 15.6 5.0 
MP Kes.as neues | 200 16. 4 | Cx SY Ae ere 20.0; 15.6 4-4 
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The results here shown indicate that the difference in the percentage 
of sugar before and after storage is very irregular. In looking over this 
table one does not seem to find any relation whatsoever between the 
fall test and the difference in the percentage of sugar before and after 
storage. It is likewise difficult to see any relation between this difference 
and the spring test for any one beet. One could not derive the fall 
test of any beet from the spring test, and as a result, the breeder is at a 
loss to select from his spring-test data those beets that will test high at 
harvest time. It would therefore be quite impossible to breed up a 
strain of beets which would test high at harvest by making selections 
from spring tests. 

In order to determine what relation exists between the percentage of 
sugar originally contained in the beet and the percentage which it loses 
during storage, correlation tables were made. ‘Table II gives the correla- 
tion as determined from Friedl’s analysis. 


TABLE IT.—Correlation between percentage of sugar in beet and loss in percentage of sugar 
during storage 





Loss in percentage during storage. 
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The results shown in this table indicate a correlation value of 0.272 
+0.0338 between the percentage of sugar originally found in the beet 
and the decrease in percentage during storage. 

The results from the analytical data of Table I are given in the follow- 
ing table: 

TABLE III.—Correlation between percentage of sugar in bect and loss in percentage of 
sugar during storage ( from columns 2 and 4 of Table I) 


Loss in percentage during storage. 


Percentage of sugar in beet. - ay: 
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‘The results here shown give a correlation coefficient of 0.462 +0.0188 
between the percentage of sugar in the beet at harvest and the decrease 
in percentage in individual beets during storage. 

These tables also indicate that the beets of high percentage at harvest 
tend to decrease more in percentage of sugar during storage than do the 
low-testing beets; as a consequence, beets of high test at harvest tend 
to be low in the spring, while beets of low test at harvest tend to be 
relatively high in the spring. ‘The inclination on the part of the breeder 
is, therefore, to select the low fall-testing beets, since these show a rela- 
tively higher percentage of sugar at planting time. A breeder, for ex- 
ample, guided only by the spring-testing data (see Table I) would select 
for seed production the beets tagged 74, 103, 110, and 155 as the most 
desirable among the first 100 listed. In making his selections he would 
choose beets testing the highest according to his data—that is, beets 
showing 17 or more per cent of sugar. Now, on examining the fall tests 
one finds that there were really 11 beets containing 20 or more per cent 
of sugar. Their tag numbers are 39, 79, 101, 110, 119, 134, 140, 152, 154, 
155, and 156. So our breeder would select two beets containing 20 per 
cent of sugar and would neglect nine other beets containing 20 to 21 
per cent. With these two 20 per cent beets he would select two others 
of less than 20 per cent. Therefore, after a few years his lines should 
show a decrease in the average percentage of sugar. 

Fried] did not give the weight of each beet along with the percentage 
of sugar which it contained, and, consequently, we do not know just how 
much of the decrease in sugar was due to the water intake of each beet 
during storage. He made dry weight determinations on other beets 
and found an increase of 6 per cent of water during storage which would 
correspond to about 1 per cent decrease in the percentage of sugar. 
Therefore, his results show that there was a too great difference between 
the fall and spring tests to be accounted for by decrease in the percentage 
of sugar (due to intake of water) and it is evident that there was also a 
marked loss of the actual sugar in the beet. 

In the present work the order of weighing and sampling beets was 
arranged so that comparable weights and percentage of sugar were 
obtained for each beet. The order was as follows: First, sample (at 
harvest time), weight of sampled beet, storage for 98 days, weight of 
sampled beet; and second, sample (98 days after first sample was taken). 

Table IV gives for each beet these weights before and after storage, the 
sugar content before and after storage, and the loss of sugar in grams 
during storage. ‘The same tag numbers in this table and Table I denote 
identical beets. The sugar content of each beet before and after storage 
is the product of the weight and its corresponding percentage of sugar 
(from Table I). For example, beet tagged 1 before storage tested 19.0, 
weighed 1,100 gm. and contained 209 gm. of sugar; after storage this 
beet weighed 1,110 gm., tested 13.2, and contained 147 gm. of sugar. 
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TABLE IV.—Loss of sugar in grams by individual beets during 98 days’ storage 








Before storage. 
Weight. | Pre 
Et Oe teres 
Gm. Gm. | 
I, 100 | 209 
T, 330 | 231 
1, 385 | 221 
1, 185 | 208 
I, 420 | 232 
1,158 | 202 
1, 810 | 264 
825 153 
890 162 
1, 495 263 
1, 289 229 
1, 382 249 
1, 625 273 
1,275 217 
1, 385 233 
976 164 
I, 420 256 
T, 255 203 
795 137 
I, 105 221 
825 149 
1, 380 264 
I, 100 194 
1,155 203 
I, O15 174 
1,245 224 
955 160 
1, 080 175 
1, 344 236 
I, 105 192 
719 126 
I, 312 257 
00 139 
1,040 218 
I, 112 216 
I, 720 265 
g1o 166 
I, 152 180 
I, 090 190 
1, 585 282 
890 153 
I, 305 217 
1, 460 234 
2, 060 379 
775 149 
I, 090 181 
880 144 
1,270 221 
1, 585 292 
1,178 217 
830 158 
97° 194 
745 144 
I, 430 263 
965 177 
917 158 
965 183 





I, 090 222 








After storage. 





Sugar 
content. 











Gm. 
147 
186 
1g! 
171 
213 
181 
243 
123 
140 
227 
199 
227 
214 
174 
210 
145 
207 
199 
126 
184 
130 
233 
175 
168 
142 
186 
146 
172 
220 
157 
125 
221 
120 
178 
157 
262 
144 
162 
175 
248 
136 
185 
220 
292 
131 
146 
144 
204 
255 
187 
136 
162 
117 
269 
162 
154 
168 
200 
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TABLE IV.—Loss of sugar in grams by individual beets during 98 days’ storage—Contd 


























Before storage. After storage. 
Tag No. same a 
Weight. | (Sugar | weight. | (Sugar | “MAE 
Gm. Gm. Gm. Gm. Gm. 
BEE sso e.0.s.0 00 Kbde0.9 00,05 Kab bie 0 995 175 1, 065 153 22 
ER. 000:s.015 (INE 0 00509 Gh abs 1, 820 320 I, 920 276 44 
WE ss cas ai Katies oes SSG 1,670 293 1,775 270 23 
| Ne Ameren re os 1, 600 250 1, 620 204 46 
| Seer Seer str rec as Y I, 705 310 I, 620 253 57 
| aes | Cee ce 1, 690 308 I, 740 154 154 
_ Se Corer ae 730 150 870 141 9 
Ee x > eee ee et eee I, 205 219 I, 300 177 42 
i TE oS ae I, 190 224 I, 310 194 30 
ee eee ee on I, 220 227 I, 325 IgI 36 
BOB cence sh VEincs on 4 Bh obs 1, 085 185 I, 160 165 20 
PR 0 cea SER. 60 x5 05 ORS ob 1, 080 201 1, 180 170 31 
BESSA oo SORE 4 3-5 ewe I, 120 211 I, 370 216 +5 
WD. oie sie SES. wives OR He I, 350 265 I, 520 237 28 
EOE ee eee ee I, 240 218 I, 575 236 +18 
PB niesivciton Gastusis e406 <BAteh « 1, 620 253 1, 650 238 15 
RR Ro ae TS I, 170 222 I, 250 200 22 
Mera te ee es aS 980 180 I, 020 169 II 
er)? Che ee fare I, 235 220 I, 350 189 31 
BOR kanes Hedehes ccs: 4 SG aS 870 160 935 146 14 
DEB snake Ab hen kee I, 425 274 I, 500 225 49 
eee eee eS ere I, 020 204 I, 050 149 55 
BET Se Rs cole BEEN s wisn FOR SEs I, 530 248 I, 620 207 41 
BOR: F550 OO owts saath ybs 1, 085 189 I, 150 149 40 
Ere. CEE Tre eel I, 070 201 I, 200 194 7 
OD, cn snetle Ode eres sahilioeks I, 260 260 5,932 215 45 
ST | Cee eet ae I, 395 215 I, 450 186 29 
BON. is.0cs ss SURO 65 065 AEB yes I, 715 295 1,775 166 29 
8 ee eee. ee 880 162 950 159 3 
NE Peme  PPeaner ee re ae I, 515 218 1,650 175 43 
ae ee ete ee 1,640 315 1,755 281 34 
NDS. 's:9:0.4:08s RB Rans's yo) AA abn I, 420 241 1,575 214 27 
AO Oe, <a eos I, O90 194 I, 130 169 25 
Se) eee ae 850 163 887 145 18 
BOD S08 ARI Lo ote eel oh 860 162 875 142 20 
DRO. sé 0d ds £080 00009 ORR e's I, 335 245 I, 390 209 36 
BEE. 5y.c 5:0 de Pidoccas ce Ooeheles I, 200 216 I, 210 189 27 
BEM. 50:0:9.5: ca BEES 019 0 ah rea elem I, 560 312 I, 725 266 46 
BES in cas eS eta cin Setateples I, 105 203 I, 200 182 ar 
BE bins os AChR cs «5 bees I, 070 220 1,170 187 33 
TE ee I Ors 207 I, 050 180 27 
BED cc osncs ahh acccanpettasals + 770 155 850 133 22 
Bs 8 04keideObCiy + usin anlarele's 815 166 850 127 39 
Oe oe eee es ea I, 400 266 I, 500 234 32 
0 ONCE OF ESA oo SSN I, 400 272 I, 400 218 54 
DDD. shining OhT eo vcnnstidvales I, 390 270 1, 462 209 61 
a OS emery eee I, 115 198 I, 200 180 18 
ee. See ae 945 170 930 154 16 
BOR s 005.0 ¢s RGB 8 v0 nine Makes. 940 169 I, O12 148 aI 
OS ES ees soe I, 330 231 I, 500 219 12 
| ee es eee Bio 97° 167 1,075 150 17 
Se ? eer ers ere 1,220 222 1,275 204 18 
> Sener one | Serer > oer ye 77° 142 77° 134 8 
BID: 00.505 ac WUE ae 60 00. lene 930 182 940 158 24 
BOD, 6s.06:0:d0 B03 6 cha ccs NBR ies I, 560 271 I, 254 17 
ae ee Peery ee 850 173 915 150 23 
CE eo. Seay os Oe 1,155 236 I, 190 205 31 
BHO. cscc0veC0becccecedllewh » 1, 380 243 I, 425 242 I 








a oe. Ch. Sew, wee See “ok Be oe 
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TABLE IV.—Loss of sugar in grams by individual beets during 98 days’ storage—Contd 




















Before storage. After storage. 
Tag No. l — 
iu; : | r 7 
Weight. | content. | Weleht. | content. 
Gm. Gm. Gm. Gm. Gm. 
I errs ee rer 1, 080 229 I, 110 209 20 
BI. oo icc aeutece secs nyuSeps 1,670 331 I, 725 279 52 
Ss ere ee 93° 177 975 156 aI 
OWNER? eee ree I, 320 269 I, 525 238 31 
DQG. ce cccen cies cesses swipes. 1,670 336 I, 720 306 30 
SR ee eee ee Pee I, 140 228 1, 187 145 83 
SR eee ee eee I, 210 254 1, 280 215 39 
cent sa Caio <oenn 5 Opus es I, 335 256 I, 400 224 32 
MR c6. ccs ch ebae sds ks eames ot 1,415 283 1, 480 266 17 
MDs 00. 6-0'+ sh ORE 9 4 6 08s CO oe 1,170 241 I, 320 203 38 
OE vnsc hs ads asset ee ye’ I, 545 284 I, 570 251 33 
Me eee ee I, 110 233 I, 154 201 32 
Oe ee I, 025 180 I, 062 151 29 
En fe eee ee I, 470 288 I, 450 252 36 
Pe eet ee I, 180 224 I, 260 192 32 
NS cond ch Qbies. 6060 te ee I, 035 175 1, 080 147 28 
Oe tee eee I, 200 216 I, 300 177 39 
SSS ee ee I, 070 222 I, 110 175 47 
IK cosine ob. grds c6 ose Cayeg op I, 380 264 I, 515 236 28 
| Oe Tt OR te I, 110 229 1, 125 198 31 
Re Ce CT, eee I, 100 183 I, 125 164 19 
MEG: vccetae CEGr i tents eee 980 196 I, 040 166 30 
MEAs onccsceaGcce conch tpese I, 040 185 1,075 150 35 
RP Teer eee I, 325 249 I, 375 217 32 
| Ee eee ee ee 1, 580 271 I, 700 241 30 
BR. oa dil DEES Sone ob COCR 1,255 221 I, 350 184 37 
et tee ee 1,270 267 I, 360 218 49 
| eres I, 220 234 I, 300 200 34 
rey ts eee rrr ty ee 1,450 261 I, 500 222 39 
OPER Ce eee eee | 640 III 650 86 25 
Rc ns vcs se Code sicax ey pees | 795 132 890 103 28 
eC CE et | 810 149 850 126 23 
NET Ce Cee 595 107 637 85 22 
BR seca. sie SORES Ua 8d CRIN 760 117 800 I, O10 7 
SOO, CEERI re | 870 164 950 114 49 
BS 6 v.cn 6 de CARs 0:9 05:5 b COE OO 800 157 890 139 18 
| ro eee eo eee 945 164 95° 141 23 
BN os 6 vcsle BOM 6 vs coh orate’ I, 040 | 212 I, 150 179 33 
EE Ce eee ee I, 030 | 189 T, 065 162 28 
RG in 40's Se EOE 68605 Goto ghs 780 152 820 128 24 
eer eee ee 950 192 987 158 34 
ee CRETE ee 875 182 goo 158 24 
| EE rt eee ee goo 184 goo 160 24 
Pee Cee ae 960 198 I, 020 169 29 
SS PTT eee ee 730 142 800 125 17 
Ee CC ee I, 330 239 1, 360 204 35 
| SEE eee re 850 168 890 149 19 
WD on 6a 6 sie. Qhts os 6508 gies o I, 230 207 I, 320 195 12 
BD ae 6-0: 65x ORs aw.0:5.0 5 CRN pe'e 850 160 93° 143 17 
We tee ee I, 025 219 I, 110 200 19 
ED os beac ROZEe 6 0200s OOo 860 159 870 141 18 
| OE, EEE ee oe 870 174 goo 156 18 
WB ois n.o0:cio OBE 55 occ astute es goo 173 925 153 20 
WAM. o5.0.0 occ OKs oc 0e on Kune sles I, ogo 198 1, 162 179 19 
TES i corer eee I, 110 231 I, 200 204 27 
RE REE Ce Oe 930 193 I, 025 170 23 
Ow Oe Peete et oe 990 188 I, 035 157 31 
NO I oe I, O15 203 I, 000 174 29 
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TABLE IV.—Loss of sugar in grams by individual beets during 98 days’ storage—Contd 






































Before storage. After storage. 

Loss of 

Tag No. sugar. 

Weight.  Suger | weight. | Sugar ail 

Gm. | Gm. Gm. Gm. Gm. 
BMD, wo cccceveccccssngsossios 1, 460 | 274 I, 470 235 39 
DEB sicnhos soaps iccesdsGettes 1, 060 | 206 I, 150 184 22 
BES e ce cscebeercvcoccestbbess goo | 176 962 150 26 
CRSP nres Mere ri rioy seer 915 176 I, 050 157 19 
Rass bio bhae do004e beeps tps 980 182 I, 005 161 21 
BE Cecossbaverssescce tarts s 725 139 825 132 7 
REIS A Ape Braces ir I, 330 | 247 I, 450 209 38 
RE eerie feet at fae gos | 166 950 146 20 
ORR SOC ere eer s. 810 157 875 143 14 
OL eee ee I, 150 | 202 I, 230 209 +7 
BNE + 6:6.0010 bob ¥ es 00s.ssins teeiesa I, 100 202 I, 160 172 30 
ME a6 Sse ee.cgsesixe ne telek es ts's I, 135 | 224 I, 210 198 26 
DER sk veverecesseseetsceetes 940 | 182 I, 040 162 20 
ORR ee eee ois ea eer 895 | 166 gi2 131 35 
RRR AE Si Aeon rence ice 1, 830 344 1, 850 307 37 
BD WaSicdedee so Cimon anor I, 560 | 296 I, 575 261 35 
DRG iy vance Pores vectra a I, 270 | 249 I, 375 231 18 
RRP ch BA varie Gh hea 2,000, | 372 2, 050 328 44 
BND ba 0:00 80 gens 0 00 oben cob es I, OgO 203 I, 150 179 24 
OO SRY SME EeR ee ee 1, 375 253 1, 375 214 39 
Bie vis 066 005k bs 000.050 bith oe 5 0s 855 164 830 121 43 
ED sapsissicn ens 6e.cegbincteeS «6 T, 305 256 I, 425 233 23 
OSE ss ee eenere eter I, 380 254 1,415 204 50 
BR a6 65 Seway sere rivd eevee 2,120 368 2, 200 330 38 
rey eer eee re I, 530 288 1, 650 261 27 
Bs 3. tAcbpane vs esawse neh es 950 160 I, O10 129 31 
DEB i e005. so geiceawetag veut Us s 825 160 870 136 24 
Div ersshseaesenerdicn et Wr G I, 005 183 I, 080 166 17 
Dk 66r ened cteverh cere bon I, 335 251 I, 400 224 27 
SP eer eee on, rr 825 145 890 125 20 
PE Ferree eee I, 350 224 I, 355 182 42 
NG 5K tbs Ahe's 08RD be CeO I, 520 286 I, 700 252 34 
Ree ee ee ee 2, 160 341 2, 300 322 19 
ORS erent: Pnncrer I, 295 259 I, 420 222 37 
BED Si4c0tinnesascca sheen gaa I, 450 273 I, 525 250 23 
So errr eee 1, 630 284 I, 700 244 40 
BR x i0ksinne btieetecsabecwe nas gio 176 980 149 27 
BOP corincedcasecvcshcex eves I, 360 245 I, 437 195 50 
BR nc osah ne sassedspebe Keene 1, 815 352 T, 900 315 37 
TMs 56 044g e 508s bebop ones 1, 080 199 I, 115 165 34 
Res 50s pheeshs seh ahve sec I, 290 261 I, 370 233 28 
ABBR are trees cca 985 215 I, O10 196 25 
RSE Pe ere Greer kis PETE 1, 685 | 320 1, 825 281 49 
BC c3 cus sis PR o 800 sah sae 1, 280 | 241 I, 375 223 18 
DE xine ie Ceo es ba < by perenne T, 490 | 277 | T, 580 250 27 
BOD isvcvecistocssecespevep hes I, 220 | 248 I, 275 214 34 
REE ees eres Sy See 1, 800 | 299 1, 960 282 17 
NR? Seems eon 1, 415 | 263 I, 500 240 23 
(Rees Pees ee 1, 735 | 323 1, 760 292 31 
BD inane sivas owe nico Sree Ate I, §25 | 265 | 1, 650 231 34 
BO ob kan clvg tet 004.50 heen oes 1, 735 312 | 1, 850 307 5 
TID. cccccacsorsecvausedesce I, O10 186 | I, 000 156 30 
311 930 169 | I, 040 158 II 
ED iss eb. vin Phone sc oehe eed ces 1, 585 292 | I, 700 262 30 
BER anna Gskets xe see pees © be 885 154 870 136 18 
BOBS <a casnnc doh acsdvade este I, 735 312 | 1, 875 270 42 
| ee eh Perens wee T, 405 284 I, 500 249 35 
SSAA 3 MANS pes Ae I, 340 265 1, 470 229 | 36 
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TABLE IV.—Loss of sugar in grams by individual beets during 98 days’ storage—Contd 


























Before storage. After storage. 
Tag No. Loss of 
Weight. | Suger | weight. | Sugar —— 
| 
Gm. Gm. Gm. Gm. Gm. 
WES ccinss.6ames ae vc nee dee eal 980 182 1, 060 159 23 
MERE i ce aces useeaegee see I, 020 177 1, 087 151 26 
MGS obs ncetc ets se ea cow vee I, 240 216 I, 290 Ig!t 25 
MES Nasb04 sare ee sb houeleeaeee 1, 280 241 I, 362 190 51 
SMO cola bes use he eneeteeat hs 1, 060 214 I, 100 187 27 
Mth sie dares cs Veeenee enn 1, 050 199 I, 237 198 I 
1 RR Saas rite fata ioe 1, 180 250 I, 100 196 54 
Rape crccrscscvivkevetawehes 980 184 I, 110 15 33 
MGs AD Maevictnsgeene cent ee 770 145 865 126 19 
SATS 'np'e bee en's vo Hab-eee wpe vis I, 105 190 I, 225 171 19 
Es 86 siseah sistas 3 adhe Oe ems s 93° 158 I, O15 150 8 
WEDS or cebawcy es geeversecisbes 870 169 960 144 25 
Messed sh g to slo Mba K pO binees 815 174 850 153 21 
ERPS aly Sree eae tye Lae 1,175 207 I, 150 159 48 
NT 69'0.9,5 VRE es 6 ORK ely oceans I, 190 236 I, 225 152 84 
MES viv Ut RR es 6 tha gee iby I, 135 204 I, 225 181 23 
BENG G40 555 806046 oath oUs 920 189 I, 000 164 25 
MMBC ss vtbccdercntie varus one’s I, 705 259 1, 800 223 36 
NE, Sh ex's sak Cece uns DERE RECs I, 110 173 1,170 159 14 
MOGs pacts hhccdts esr aeeves I, 200 230 I, 320 206 24 
SEES ti vee es hina vache exhib goo 178 920 150 28 
DU ca veces Cece cowewtiows cay 75° 148 850 129 19 
GIO. dha 0 se seep seed ee aeons 1, 280 230 I, 350 213 17 
Rc atckevececstesdbaeteceds I, 270 226 1,375 198 28 
Cs OR eee rey ek ee 1, 080 227 1,175 204 23 
MER ex. be he Vote Pee dane emesions 975 179 I, 000 158 a1 
GOK Wines Ces ab acs vcemaees 1,275 235 I, 325 199 36 
SIG. ys ca crvrnceeeehetomecebnd 1,155 222 1,275 194 28 
tbs icish aus csv bewb ete ces 980 178 1, 060 157 21 
MCNE GS ior keene é0nsk ae sn 820 154 875 129 25 
Mataéis ON Cisse Chae cbeeoe es 975 175 I, 025 164 II 
ME idly KEK ba cunt ahed ceed eed 885 166 gso 154 12 
BPs iecgh oe gene hewugawe shee’ I, 075 193 I, 160 162 31 
[AAAS TRIGA Set Mie Bey yeti 705 142 800 121 21 
Mas 66 scded tis p's wVebans bg 835 172 850 144 28 
, See ee ree eee I, 340 265 I, 400 232 33 
MR canes te Caine enMaree ws 790 171 880 137 34 
RRs ase e-ch unin bay be begs bees I, O15 19! I, 110 171 20 
BR cs cdin dre Soa wed Canam eRe 915 170 I, 050 157 13 
OEM Cilecs Biase ceetesseeud I, Ogo 185 I, 150 147 38 
MN Nincccmeiopeeeenes bears I, O10 200 I, 037 176 24 
MERE Peery oan eee 805 161 50 146 15 
MMe is cdvceivacl eu cabesiegnts goo 180 940 147 33 
> APC TC ark ke 91s 170 965 145 25 
MEKAK destevtese i betbabe ets I, 165 233 1, 280 212 21 
MDs os siniins b.50 vee ne cdis oben 95° 16 I, 030 144 a1 
MG ein PEdTs cee heey aha En 810 13 60 117 a1 
GE dwvetdotsl voccsasesia ets 970 182 I, 050 155 27 
ME ir cKuer cer ckeeeken ames 845 145 goo 121 24 
REE eee 945 150 980 131 19 
MUON eses So evcven iinet wens 965 187 I, 050 164 13 
MIO Sedo eae Keak be ena r eee. 640 109 675 93 16 
MERE ch kag are ve RNa eect ees 720 121 750° 93 28 
WRN nike aids she's dea as Ow eeetn I, 110 202 1,175 183 19 
MAW Sivan Fc Ch ven tenses tulsa 5 174 950 154 20 
WNT irene be tis bees acdbectab 5 1,055 188 I, 050 166 22 
MOR i 0s i eRe oe thor eCed are 990 143 I, 040 129 14 
WOR br cb savas UE caddeopes suis I, 340 247 I, 425 211 36 
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TABLE LV.—Loss of sugar in grams by individual beets during 98 days’ storage—Contd 























Before storage. After storage. 
Tag No. ion of 
Weight. | Sugar | weight. | Sugar i 
. Gm. Gm. Gm. Gm. Gm. 

nT ears “eos Sree ere ae 800 150 gio 129 21 
MBG cs vanes Begs 4s se menpiee he 795 159 goo 128 31 
MN as. . <n ede dds-+o tae oes gto 164 I, 000 146 18 
MOS inion op enliniviy 0-00.04 Verena goo 180 990 160 20 
BN aS Eh eeu Aa a.s we ware a 960 188 I, 050 166 22 
SER cadens tunes sh etahhaans 99° 204 1, 060 180 24 
BB ends os sade o's eee KS I, 230 266 I, 290 245 21 
RSA OER eee sree 1, 285 260 I, 030 181 79 
EF eee et eee 925 196 I, 040 171 25 
MN 6s ia don each’ hebaaan oes 940° 165 I, 000 138 25 
OBS. wii ss ehpdicns Ns cowed se 820 184 890 150 34 
Wiis cteadiee cis Cap isae I, 352 257 I, 400 216 41 
MOD) a skech Veteees scgmombe ss 860 175 875 154 21 
BOD, Since. Siswas oo caee OE phe 990 204 I, 050 168 36 
BEE oS ehiethbehanss cooeed oes I, 190 254 I, 225 220 34 
BOR, os ask ss Bias ve bast ee ha 1, 858 364 I, goo 323 41 
BEE acta poweine res teo ees I, 052 221 I, 175 183 38 
OEP a satiate 4 Rxieub cant annie I, 193 1,175 174 19 
ET ee CEA ee 1,074 223 I, 150 189 34 
6 ic benign bas echo eon I, 390 286 1, 460 245 41 
ES Fiske tne send cbven ws 950 198 I, 050 178 20 
WD. 65'S vidiate cya eoie's 0c wea we eo 750 156 800 125 31 
Oe CREE re I, 000 208 I, 125 175 33 
* SERRREEY Mp Spent ey ie shies I, 390 261 1,425 | 230 36 
oT RE Teron ror I, 050 231 I, 050 168 55 
BE vein.n tial He tpdnia od faneete's I, 370 274 1, 462 196 78 
OOD, Secs eek benit ox. odpm x 1, 180 248 1, 260 227 aI 
BEe iiss us a eae ho Maeeeniees I, 090 231 I, 140 187 44 
AR aE ay a 675 144 700 120 24 
PE: OPER Cee ae I, Ogo 224 I, 250 180 44 
ERSRPE ee ere t foe pete ot 960 205 I, 025 174 31 
MG Iai odig-n Abs oma amen I, 120 217 I, 200 202 15 
Msc Vise cakes Sse 8clenage ve 151 712 115 36 
UNG én 45:49 0 Gnd Kae ca caNates I, O10 218 I, 050 197 aI 
“SRN CE SR re eee! I, 117 240 I, 100 176 64 
CO OPORTO PTET ET TS I, 130 199 I, 270 157 42 
Es a's cm 5p sip es A ba Ad GUE A aD 2,050 377 2, 000 313 64 
WN 65.516 60550 pine,0 4.0:0 0s ioihcatoimas 820 I goo 137 29 
 uish sok glee dance Vasiaene I, 005 205 I, 125 171 34 
Bn os 6 hese ee yaas dish agence 1,076 220 I, 100 183 37 
RS acetal teak oes 5 Se ches bee I, 240 236 I, 300 208 28 
BEE Mb dda. o4.o/0e rab een 1, 260 234 I, 350 213 ar 
Kise bussc hace pts d oREEE veo 780 161 870 141 20 
DU cas hve giiaes 0:64 ch See 830 166 850 144 22 
SUNG decd Guest ask Vaated 850 160 925 131 29 
MU Adis dn. gd ¢ 60S sq Rahgntin en's 835 172 925 142 30 
BUD case <n nnwexene ss cenguey’ I, 160 227 1, 150 184 43 
BRRiy sda ¥.cedpe'd eehied tpan tam I, 330 253 I, 350 224 29 
BOD osika sine nevneenee wae see 650 139 112 27 
S| TPO ee 780 162 850 133 29 
OO RR ee yy I, 250 235 I, 325 201 34 
BD ty kane se 6s Sean Mawel eee 1, 460 303 1, 490 241 62 
UY ciincc 8 epins.o'ns.gyne + aOen 690 144 790 126 18 
SOD chines u's ko hse nominee Mam goo 185 987 154 31 
nei dS Oe's xg’ 4-5 i scene outa en 4 745 162 3° 145 17 
PES ey Oe re ee 791 161 132 2 

GOB seca ccccce av Reet eemeaiats 815 187 goo 149 3 

DSi iP ilea gre iees¥ouse aves 1,220 253 1,275 222 31 
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TABLE IV.—Loss of sugar in grams by individual beets during 98 days’ storage—Contd 









































Before storage. After storage. 
Tag No. =_ 
Weight. | Sumer | Weight. | content, 
Gm. Gm. Gm. Gm. Gm. 
| SERIES St xe aka ce 850 167 gio 135 32 
ied s swede su<ceh ues 830 166 890 142 24 
I te Cee Kock ee. I, 340 268 I, 375 220 48 
MNOS Seiden dae veeecie ciate 1,055 169 1,075 170 I 
BIOs cece oe POF. oes ceperiontes 910 167 I, 000 138 29 
EES 6a cocels SESv ev cede eoWaWes I, 020 208 1,075 178 30 
APSA 2 connec 995 195 I, 075 159 36 
ROIS In I 870 167 925 137 30 
Pe Sree Co I, 020 212 I, O50 164 48 
MRC rvcedetheie dsc cretenwend I, 000 208 I, 070 169 39 
| ty CPT ik, 620 135 700 120 15 
NRT Ee ed ees Oe 780 162 825 135 27 
MMM vasccalectres cover toda ted I, 110 217 I, 125 189 28 
PRR Cotes oo eee 865 168 goo 146 22 
Ds vevvcds Fescdeoecpeteees 660 129 725 119 Io 
Aer trees tos 660 129 725 126 3 
DRG hiiecde Face ccs teoeeees 860 175 goo 144 31 
_ BRP te eres ack eee 805 164 goo 135 29 
MDGs 66 te RP ones cess eowedee 1, 280 264 I, 337 230 34 
| SES Or teers a I, 020 212 1, 187 173 39 
MR ccs cue eevessecey Seeeees 870 184 I, O12 166 18 
OPPS 22 Sees ka I, 110 226 I, 150 184 42 
MR sisdcde ets cieenyeorreel 820 179 940 147 32 
DR eccecdcderevnocspeaderes I, 105 217 I, 210 177 40 
MR. bs cec doe Reese us dy ree 990 200 I, 100 178 22 
MRS 6d cdeeRee sce ceuteveneys 875 182 940 158 24 
DDS esccc dos obec cssasy SOEs goo 184 937 150 34 
CE LES LK 745 155 #350 144 II 
PPE ss Perea tg ek I, 120 208 I, 275 196 12 
EE CL oO 750 150 825 129 21 
POR se ced ds kRhcccevsndoueace 950 203 I, 200 190 13 
MRweciccdcCabescevapteveees 710 146 725 130 16 
_ , WPPPPCTE cere 940 188 975 150 38 
RIGGS 6is ca Pees dccs epecreons 840 163 875 136 27 
MPS 66 bcc ds Ses vccvep beveves I, 150 225 I, 200 194 31 
Mei tiededetescccsh Soeews 184 I, O12 162 22 
MPR 6 bc cccgs Bes cvesspseweses 1, 180 231 I, 250 183 48 
MRC rics gstetvvcesch Poeewus 1, 260 248 I, 300 216 32 
MMs ecscodadorisccccbeeeewer I, 000 198 I, 040 160 38 
MDs bs cccdedgtvoscccy Se uewes I, 225 235 I, 350 186 49 
MOB escccdceetssctcsp dodeter I, 100 216 I, 210 189 27 
BOOs oc ccc ccd bh iccccese cedewes 198 I, 050 166 32 
Eee OLE Se 1, 375 267 I, 400 230 37 
GOB. oe cic sc bed csccceesiccves 1, 080 216 I, 190 197 19 
MOMs cc bocdsgebicccsepecesees 920 178 I, O10 160 18 
| eee eee ee er 1,740 350 1, 862 324 34 
BOs 608s este hs secsswdetedse I, 530 285 1, 675 254 31 
oS Mee Ce tk Pee ee ei 990 208 I, 050 179 29 
.  SEPEE cae gIo 182 920 149 33 
OA eee ee 980 206 I, 100 169 37 
WOES is cccscst tees eessSe doves I, 000 188 1,075 170 18 
| EEE Ct Ee 1, 080 212 I, 212 179 33 
ME ee I, 130 air I, 225 196 15 
GOP. cccesccvesesccevctateses I, 100 220 I, 162 165 55 
ere he 1, 680 312 I, 725 279 33 
STE OSS CRETE eh 1, 285 247 I, 350 213 34 
NEEL Ok REE RE Ch 660 148 675 123 25 
ee oe SS Pa ea I, 020 210 I, 140 182 28 
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TABLE IV.—Loss of sugar in grams by individual beets during 98 days’ storage—Contd 


























Before storage. After storage. 
Tag No. og 
Weight. | cntent, | Weight. / Susan 
Gm. Gm, Gm. Gm, Gm. 
2 EO ee 1, 180 243 I, 210 zI0 33 
EBs 0c scs cle AQAs ¥50 0 96 MOO SHS I, O10 190 I, 110 171 19 
BG nent ORES cee Sk RN ees 760 146 825 127 19 
URAL  ineimeres iy bee 830 156 850 131 25 
BR ery ob eee bs I, 145 227 I, 150 204 23 
MN ss os oe Sodas ps.5 pene I, 325 233 1,575 230 2 
| EBB rc SOO teaser er 880 176 925 159 17 
SOAP ee ye cena ee I, 325 250 1, 425 222 28 
RR ci nes tic SR Os 606d ROR I, 220- 224 I, 325 225 +1 
_ NONRPE CRC Coo ne 1, 385 296 1, 436 232 64 
EO ee ee Ie 870 177 950 152 25 
BRAS e Ae ry Serer go tee 970 196 I, 000 180 16 
SRS rs ? eerenra ss ere I, 450 270 I, 550 232 38 
BS Sis eaisip hh MES sieve ans ta 830 161 goo 146 15 
DER cite ER cies eB 1, 385 274 1, 460 239 35 
DMs osonr ce ds sae st Re oun 930 197 970 171 26 
EARNER? Sierra ot ee 960 198 1,075 176 22 
EERE Ot Cee eerie eee 830 161 825 135 26 
Ms o5-64.5 sO Es as v:6b' s Bile gh 815 161 875 149 12 
. ABER Sts Creer. eae I, 200 245 I, 240 211 34 
SOO = CE Se I, 020 194 I, 050 158 36 
| Sr ee) See an ae 1, 840 361 I, goo 296 65 
BRP ores piers eee I, 180 241 1, 260 209 32 
MENGE ssinc ees. 4 snc Coby p< I, 450 290 1, 475 257 33 
REAR ACT abmrere errs py ae I, 130 224 I, 200 197 27 
_  NORRA Brees ere 950 213 gto 169 44 
| Re err ree 955 189 I, 040 158 31 
| PE Aree Peepers or ened 540 106 600 94 12 
EOE Os, COE nce I, 215 214 I, 310 199 15 
MMs ss nse te RRs 66s 0s ba oo 780 143 825 125 18 
Se cere ee 820 154 885 147 : 
BS eves s oo OEMs oo one's UN ss I, 130 201 I, 200 175 26 
. | RESRRBR Ae rere sie 925 161 975 142 19 
Dine e as se OR Kas sc cen itte ies 970 201 I, 025 166 35 
Se eee Pe I, 150 227 I, 225 191 37 
Se Ae eee Se 975 191 I, 100 167 24 
ron scorers oe I, 150 230 1, 180 191 39 
ODE fee ei or I, 400 277 I, 500 255 22 
Ns oy ees io ORV v's's,0's'0 bien 1,170 205 I, 300 187 18 
WT on oc oe MEK ess o's 0b Oitte aie I, 230 246 I, 260 237 9 
SOARES 7 CIS © oe I, 005 198 I, 125 160 38 
TEE oc bbc yeWOls vsvued OPO ae 1, 280 254 I, 310 225 29 
3 See fOr es ee I, 500 294 1,725 265 29 
Ns s0.4:0-0:46 SUC 6 6000 oe Soules 1,070 225 I, 130 192 33 
5 9 EI) PIE ee I, 145 214 I, 225 186 28 
|, SRRERRS OF Pee Sear 1, 630 204 I, 700 268 26 
WO i000 ho BRE 6 «0500 OR aes I, 100 222 I, 225 191 31 
oh AEE A OER ore 1,150 218 I, 200 173 45 
| | SR. Cee ere 1, 480 278 1, 650 258 20 
MODs os on vce QWh's 000s oe ttnte ds 6 930 179 I, 000 148 31 
DOR sic eives Cc BTE «cde sb Aethypdeu I, 270 252 I, 450, 215 37 
OS EAE PERT oS ar I, 200 221 I, 320 193 28 
RSs ss vis sig PM's sou HRs « I, 400 258 1, 475 195 63 
(1 SAI 1) Cee 0” eae I, 170 226 I, 225 199 27 
OT sob 6 6 eu OEDs.04.¢ cep ROR ee I, 200 238 I, 320 185 53 
MER, os sve. debhls ass% oh OO Eas = 1,470 250 1,575 220 30 
ERO ts PPPS te er I, 340 260 I, 500 231 29 
eee ee 237 203 




















3 F Oct. 20, 1923 Time for Testing Mother Beets 143 
itd TABLE IV.—Loss of sugar in grams by individual beets during 98 days’ storage—Contd 
Before storage. After storage. 
Tag No. i EA Bed Sng, ind 
Weight. | content, | Weight. | <cntent. 7 
Gm. Gm. Gm. Gm. Gm, 

33 MN os. sieico nls CRMs 66.009 ARDS I, 380 237 I, 450 197 40 
19 Mc cs cine nap Seas s cc es} abbas I, 130 212 I, 225 184 28 
19 FE 05°09: 0relw SMM. « oe 10 ¢ ARAM Gh 1, 280 225 I, 325 207 18 
25 SRR ey eet ee I, 370 228 I, 425 2II 17 
23 ERY SPS Nees oe I, 230 228 I, 310 212 16 
2 MIE 000050 0:0 PER 0 0-0 08 ines I, 300 224 I, 560 228 4 
17 Pe eee ee I, 600 301 1, 675 248 53 
28 RNS ee sere 2, 360 461 2, 350 366 95 
+1 MR siissie neh OMEns 66 4 Me gl I, 110 240 I, 240 213 27 
64 eee I, 540 316 1,725 279 37 
25 FAs cc cesvendedesccccsctenes I, 230 232 I, 400 190 42 
16 RRS BP eee ee ee I, 040 213 1, 150 186 27 
38 , eee eee I, 120 224 I, 220 190 34 
15 FAT. vv ccccvecicesccvcceedoe’ I, 195 239 I, 212 225 14 
35 Se eet 970 207 I, 000 172 35 
26 IE 56.6 v.nate Extn so 0 ee I, 500 270 I, 590 210 60 
22  cicns + Ceienes os SOCK eS I, 060 218 I, 125 178 40 
26 ES Sov us oot Pte oss veh eee I, 500 276 1, 690 250 26 
12 teenies koe I, 130 222 I, 262 187 35 
34 , See creerees rors I, 230 276 I, 290 209 67 
36 | Rear eoreera a 970 192 950 148 44 
55 MG i, 6.6.6:0 alc ORES os 004 Oe I, 020 203 I, 040 173 30 
32 MRD eae c's sis ede tecee k Oreleee I, 450 281 I, 500 246 35 
33 et Serres tee I, 380 276 I, 390 238 38 
27 Sa ere ee I, 220 233 1, 287 188 45 
14 . SOARS Sarees we. I, 125 234 I, 200 182 52 
31 RRS reer ee 980 184 I, 025 160 24 
[2 RR ee ever 960 171 I, 040 154 17 
4) MMs us 5.00.6 0x OURS ci-0.0e s ORs om I, 040 204 I, 100 172 32 
8 MRS is. vivcs re BOdes ota s ere he 713 149 825 134 15 
| are  oereee eee I, 260 254 I, 337 230 24 

6 UE ss ves «ie OURS cas o oy Carte ahs I, 040 212 1, 075 185 27 
oY) WU 60 50.6.0 s REAS 0 6s seh eels 990 188 962 158 35 
5 MS se ove s ola CARe e066 5 > eetate po 800 170 825 145 20 
7 By Se oh: 0.s ts BEE cs +00 RS 970 199 1,075 176 23 
4 SESSA A Seeeeres ne I, 025 213 I, Ogo 183 30 
9 My cis. 0.8 9b ACRES 000 6 0 SON ple 835 174 880 156 18 
}2 By enn 0n.c deUgdevesvey daieats 1, 620 318 I, 625 266 52 
8 RE ree, oF ors 960 206 I, 100 178 28 
Ns x 6.0 0s os ROUs ss cceh HOtkals 920 200 I, 000 176 24 

8 WPA) vce cee WE Re ccc cep enable gio 180 975 162 18 
9 MEE tt vscodrOBbevicvew eytete I, 355 277 1, 435 246 31 
9 WEN sc'evg ve MGs sus e0 es dabtege 790 164 875 138 26 
3 i OE REE Ce 850 173 887 159 14 
8 BU dss 00 oo bE Rav dees h dditenle I, 140 228 I, 300 205 23 
6 ET SR eee 730 143 800 125 18 
I MS eo tv code Bites ens cp agede 960 188 970 171 17 
5 | SE YC eee ee 940 178 I, 060 159 19 
co) / SOAP meer, ee 890 173 937 131 42 
I ERAGE, Ceara 800 157 840 126 31 
7 ME. ve's «sce ROR es os 6 cs Chines goo 176 I, 000 146 30 
8 "RARE OVE a een 1, 060 218 I, 200 187 31 
3 We oc wk vole ERGs 60.0 le Cildtents I, 170 207 I, 250 177 30 
7 | REBEROCE. F CEOOOe ete es I, 320 238 I, 350 224 14 
3 ROGER, LEE eae 1, 185 226 I, 275 199 27 
) - ENO.) erty oe I, 050 223 1,075 185 38 
9 Oe. eee ee I, 060 189 I, 130 158 31 
4 Bc) c6 vedo EAs evn ch. oe ae 890 162 940 133 29 
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TABLE IV.—Loss of sugar in grams by individual beets during 98 days’ storage—Contd 


























Before storage. After storage. 
Loss of 
Tag No. 

Weight. | Sugar | weight. | Suge. — 

Gm. Gm. Gm. Gm. Gm. 
SP eee rer re es I, 200 202 I, 225 149 53 
Pee rere ek 1, 585 292 1,575 252 4° 
ERA See ir oe 1, 160 225 I, 200 199 26 
PEE 8) OEE eS ee I, 530 272 1, 600 233 39 
DP 6 o8bin sup bles csavgtibase I, 230 231 I, 325 222 9 
SOR ot eee ares 1,475 265 I, 490 224 41 
a oss aia ee POR cv 0 5cb Rok 870 152 gI0 129 23 
EE TERETE ee es 820 167 97° 144 33 
Sr ery rene ea 970 210 I, 037 176 34 
OG vaccinia ch Soho vccet MR 1, 020 230 I, 050 176 54 
Se Goa en 1, 205 231 I, 275 214 17 
| RR eres foo aes 860 169 goo 146 23 
_ a a ee ee et gI0 178 950 141 37 
En eS eT ee ee I, 030 202 1,075 183 m4 
WS si ass ste Bally «be ooh ok ggo 192 1,025 170 a9 
EOE ee I, 050 197 I, 150 168 29 
SS eee I, 000 200 I, 125 189 = 
Sena epee I, 325 247 1, 360 204 43 
NS ie Seen Se I, 100 209 I, 212 177 ye 
BEE sss is.0.9:s' 4A Re-s'o's 60:5 SRR 1, 080 208 I, 200 156 3? 
DR SisaiccsePhdicsivay ABns 1,750 360 1,775 259 = 
NG is isc en PESeannay th 1, 040 206 I, 125 178 28 
| ee Fe ee I, 000 194 I, 150 149 45 
TE 65005 te Bbke ven en kG o% 750 145 800 121 aa 
MEG Sesavcsme Reds oes c prteek I, 190 207 1,250 192 15 
BO ricco ce nle Bs cos snk OR 980 202 1,075 180 we 
oc SE EE ee 920 190 I, 062 161 29 
819 oer tr errr ef I, 420 | 264 I, 550 214 s° 
WO seiccsicate Bh tas 4a tere I, 130 219 1,275 186 33 
RES ETT ee RO 965 197 1, 060 165 32 
_ ROPE ee Serer Scr I, O10 198 I, 130 163 35 
Ge s5iac0ss Godiva cxehahttsh I, 600 | 317 1,575 270 47 
ee ry cece tee I, O10 | 208 I, 050 183 25 
| Ieee ae aan ee |. Wes I, 470 | 309 I, 520 267 42 
Se ree eee 970 | 202 1,025 182 ye 
WB issiks:v- care FOI. as cok p DOOR I, 130 | 203 I, 200 165 38 
SDSS p axic'vare PRES 65 c.ut CORRS 6 I, 110 233 I, 130 199 34 
SR ae rr I, 150 | 225 I, 225 196 t 
SUR See or I, 720 | 338 I, 737 264 | 74 
DER ose sw dc Oldcs dana ba % 1, 605 | 292 1,727 268 | ye i 
Aen oc aes Se I, 530 296 1, 650 270 | 26 
BR ee DOG so nsn iadbdond 1, 675 | 328 1, 737 292 | 30 
DO da ass ucts MEE no Sao os 1, 160 237 I, 162 197 | pnd 
BD: sinew di Tvaucon bAMR Gn 1,770 | 334 1,920 284 | + a 
TS Oe ee |) eee Gree I, 400 | 286 1, 562 253 | 33 
| er eee. ee 1, 800 | 342 1, 850 300 | > 
IE Re Ce I, 390 | 272 I, 510 ait | 6r 
BG xis o as BEd aucun HOP te 1, 020 186 1, 080 155 | 3t 
ED Oe.) Sens Ok 4 fy 1, 180 | 236 I, 325 204 | 3? 
Seen: eee et ae I, 400 260 I, 500 225 | 35 
Seen ot mee ©. ae I, 290 224 | 1, 400 196 | 28 
I ccc ae SE's con ok OO I, 210 | 228 I, 300 205 | 23 
Sey 7 eee es 1, 460 | 298 I, 510 254 | 44 
Se eee os ee I, 200 | 254 I, 275 227 | 27 
NE sins ode QQdnnce vv dads 1, 560 | 312 1, 625 276 36 
Re oe ee weer 95 - 1,950 | 359 1, 980 277 82 
DR asdroccetedeyes sonata ee 338 1, 850 296 yal 
ai ccndc tS ccnvant oud | 1,380 282 I, 405 241 41 
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TABLE IV.—Loss of sugar in grams by individual beets during 98 days’ storage—Contd 





Before storage. 





























After storage. 
Tag No, 
Weight. | Sug | weight. | (Sugar 
Gm, Gm. Gm. Gm. 
BRAS Cui tdcenaKs cexie mua th 1,170 222 1,250 195 
| A oy een Denise ly 935 198 I, 000 170 
EE eee et ook 1, 085 217 I, 125 198 
ik a%kadeg banned ck aooras I, 030 210 I, 050 189 
shan Ka deccacncnnchawien 3 1,070 231 I, 150 202 
EE 5 oe ata eee I, 020 206 I, 050 168 
Bas kia Ghasevetcaekoue ss I, 200 | 242 I, 225 215 
Ns sais Nemeessches- bums eu I, 230 | 243 I, 370 219 
RSET eee een ane 1, 060 | 229 1,175 195 
REA ery coe A. va I, 575 | 283 1, 600 275 
EER, op SE Pees I, 230 | 238 I, 350 202 
Ss HSS McBee uss <é bate te I, 110 | 231 I, 190 200 
ad Ve dGane ie keen acne a: I, 345 266 I, 380 242 
(ON RRPIISS Fro Papert seat cy I, 310 | 275 I, 420 233 
MKC Rcapadewkdca'edun es I, T40 | 228 1, 287 198 
i sies scidunve neeecsh comets I, 270 | 212 I, 300 185 
Ss tiaiedchar<s uel ecard I, 030 | 194 I, 050 170 
SEP ree teen weed 1,270 | 244 I, 262 214 
MN co cindebuneyaeashwaae ns 1, 045 | 226 1,275 199 
NGS. 6 6u Ccumsee css bake 1, 040 | 208 I, 187 183 
SERS + eeener getid,i I, 200 | 240 1,225 194 
MINN os.bd6e Reavedenhamanios 820 156 825 137 
BRET Ree rn oti ad I, 230 228 1, 360 198 
REE Pha Jie ea ai Sek 1, 180 234 I, 225 193 
SE Bes bE Set Ly! 920 180 I, 030 144 
Bs is wie Bad aire e's peeing I, 150 230 I, 225 193 
MNCKRES cc doRagnves cok thnctcs I, 190 | 212 1,370 186 
MMO acoded cae eewin ot iat ee 920 163 950 131 | 
SERRE Ve eer ea 760 140 800 IIs 
Rie: ia. ha Rib dias & wa: 0 gadoue tas I, 100 202 I, 200 175 
MN aradss dsbagks éisn rena 1,070 | 214 I, 170 187 
DES sian cdkgnakick co cacmee I, 250 282 1,375 220 
MNES: brid CRaia asain cceticeeitas 840 159 925 122 
MMOs Ghia hORdaa e's 00: tae tales os 1, 830 366 I, 960 305 
EE PP erate Mk ed I, 090 222 1, 160 181 
MIRC she weed buck dex inbcaaae sy I, 040 | 206 I, 130 163 | 
MR e ns Cina a as oun ch cates I, 200 | 242 I, 295 210 
(ERIS Pel PANES By 3.08 54 880 | 186 870 143 | 
Sie s:ca smilie bes ods bemused 860 | 177 925 159 
Dy sie c¥emaiaks everk ano) I, 270 | 273 I, 320 232 
_OSPREAL Fis RRC Bie, A I, 050 | 214 I, 150 177 
MM Gasenitisccens <eee aaets 1, 180 | 236 I, 300 213 
OE Bere, © ke Le 1, 060 | 218 1,125 196 
MNS Er dae cade ont bantenan 830 | 166 850 138 
BRR rade dace aaaiavted aces wos 830 | 184 goo 158 
Ae Be ee Add I, 130 | 233 | I, 262 202 
REET ee Ppeedigatran -= hich be 830 | 169 875 149 
SENS Deepen Weide’ I, 150 242 I, 270 216 
ORES tf RR RA old 930 | 193 990 174 
ROLE oy nea re Reena S I, 110 222 | I, 100 189 
REN Radian >: bnemabareaiies 950 | 192 | I, 030 163 
NS ceed sata vn casewraaceen’ 880 | 179 | 920 145 
SN 66s Cod aR ON es ce moat es I, O90 | 229 | I, 112 196 
SINGS bi¥ wid cacegly UNI es I, 095 | 217 | I, 150 193 
ED BA:80:06-G ip ogie +0 blinks came I, 230 | 246 I, 225 206 
_ SRRSS Fi} peg PERE Ses, Seppe I, 210 | 192 1,275 186 
UNS kon Wb euecicarececleaiantes I, 550 204 I, 590 261 
SY sie abi aca'grachctaunrevanrsa I, 200 | 226 I, 250 208 
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TaBLE IV.—Loss of sugar in grams by individual beets during 98 days’ storage—Contd 








Before storage. 











Tag No. = 
Weight. p... 
Gm. Gm. 
MPs 0. sents Geiss areal ase as I, 000 206 
MIL 55x 16a Pmretentk ach Rade I, 240 268 
Sins sarang Biacare's 5 oo Peer as 980 196 
MNS 69's 0.40 g dias v8 sin Ache a 870 184 
RE eee eer erg (emer 1,070 208 
S56 win: ots Sebel tis. 6.00-04 ented oe 770 160 
Mere ns remy (neta 95° 211 
0 gS ae a eee Te 840 166 
ME ibis hina ceeontegen oe 1,250 |, 222 
MI Fuiek yen cess sos te I, 730 310 
MPUA5.S p's. Srald ecaises.x:0 0 Adame cis I, 060 | 220 
| ee Ce rer een tae I, 000 | 210 
ES 56:50 se ole witen he wad-cenaey 1,070 214 
DRG ARERK6 Sis wees ss Vas ee I, 105 221 
ONG 45.68 68st de ee kca boone od 1, 480 302 
MEK Se 66 aa eee aes Whey val I, 210 208 
RE eer ns a 850 167 
BND $650 5:6v8s cag odo ccbauh ate I 330 245 
MN Sts cia aee vesicle aaa te 1,145 233 
NS bah eSise gta av.eeokeeaare I, 420 242 
NG 80 6:0 o1'e ekare eS beta oc I, 000 160 
Ms ts seb tse ncastsces bebun ts 1,255 238 
EES 9 65\0:k. 3 pie tings «ive ce secs Me 1, 185 199 
| Tr eee etree I, 305 237 
ES eee eee ee eee 1, 640 299 
BE secu enianaedes xohusep te 1, 260 242 
RRC SS Suess anes bees eae oo I, 330 255 
| SES perme meek) I, 000 184 
BDF Aks era hiced ash saabews I, 775 351 
NE 65:8 .4 bee hee 588 bs aha Se I, 220 261 
re Perera ceeare 1,440 282 
| Ree eer en I, 160 225 
ree Cree ee Prt ce 1, 160 232 
BEY as 60s A KES A Thos be ie 1, 160 242 
EEE ee Cree Pere ee I, O75 226 
ERR eee ere tree us 1, 160 239 
ROR rere tk te I, 420 258 
WN 35604505 9.6.05:56004 bag 40s I, 450 273 
Oe ret. ener I, 020 IQI 
MEE SR SESS cise ah. con ess s Chmeay 1, 060 196 
rere ey eee eee 890 189 
Ee ee CET Te Ce I, 140 235 
| ee oe Cree ee ee 850 170 
MEN 4 5'5'06 5 Shs-45) 016 6 0:516 4st eh bre gto 180 
BPAS pi site pag esielsvgachines 875 168 
EE eer nee peek 960 196 
SRS: eestsy Cerarmey ees he 980 196 
Ny ee ee ee I, 200 245 
S526. wad ge 0640 eens eg oc I, 020 189 
Dy sN ah ames Coe od bay ky 1,075 | 215 
BRERA Ai Rares racial 810 162 
Or re tae I, 220 239 
Akon sae he esas wages I, 510 302 
RE peste g tas-cuis Aedes I, 210 242 
ESP sisuaenkin vcd sabimeeios I, 190 229 
ES Sih ee arcana seed ca baie ie I, 030 206 
NG Sse ican ced enki oh I, 150 214 
EDN 94:50:05 bv mae boeasébccnees I, 305 240 


























After storage. 
Weight. | Sugar 
Gm. Gm. 
I, 020 175 
I, 240 203 
I, 050 176 
95° 158 
I, 150 189 
850 131 
I, 025 176 
875 140 
I, 315 208 
1,775 270° 
I, 060 184 
I, 050 I9l 
I, 120 181 
I, 150 193 
1,450 249 
I, 230 177 
goo 144 
I, 400 216 
I, 200 187 
I, 450 203 
I, 000 152 
I, 300 208 
I, 275 173 
I, 375 206 
I, 700 252 
I, 325 202 
I, 275 194 
I, 000 158 
1, 875 304 
I, 240 216 
I, 300 208 
I, 300 208 
I, 275 204 
I, 275 217 
I, 237 201 
I, 200 197 
I, 512 230 
1,450 226 
I, 100 156 
I, 100 168 
990 158 
I, 220 190 
925 144 
97° Ist 
95° 142 
1,075 161 
1,025 180 
I, 212 211 
1,075 170 
I, 200 187 
925 146 
I, 325 202 
T, 525 259 
1,275 216 
1,275 199 
I, 150 177 
I, 250 182 
I, 380 226 


Loss of 
sugar. 


Gm. 











| 











Oct. 20, 1923 


Time for Testing Mother Beets 


147 





TABLE IV.—Loss of sugar in grams by individual beets during 98 days’ storage—Contd 
































Before storage. After storage. 
Tag No. Loss of 
Weight. | Steer | weight. | (Suser | Mr 
Gm. Gm. Gm. Gm. Gm. 

OO PI ee 1, 245 232 I, 390 209 23 
Sree Ce eee Coe I, 190 234 I, 320 206 28 
BID. canes headed bo cceeqane I, 260 267 I, 250 222 45 
ee ee ne I, 130 210 I, 220 180 30 
OAs 05-05 ood eg Ryn ee cus gatas I, 920 330 2,025 300 30 
GIG. over ccestgccescccedsesic 1, 620 301 1, 630 254 47 
* SOE eee CREE ER EE ec 97° 199 1, 060 159 40 
Ress scs dog hee ecey ater ee 1,450 270 I, 550 220 50 
Ee Ts eee ee ee I, 365 238 1, 435 198 40 
MD oo os'oc od bes vvees veeesas 1, 425 308 1,450 264 44 
Bes bons deGb i oo cceep Simeers I, 425 274 I, 410 226 48 
See eee I, 100 205 I, 200 171 34 
Seen eee Cot I, 030 202 I, 100 172 30 
SRR reer I, 350 265 I, 420 216 49 
| Sarr oosi oo I, 330 264 I, 425 219 45 
YEE Ee I, 370 225 I, 450 197 28 
SESE te eee ae I, 425 268 1,475 252 16 
SE ee 1, 540 256 1, 620 233 23 
GOD iii6 6 i cn ce 8s ceo wguqens I, 025 205 I, 100 171 34 
BR candies: cs 47g 040s ba wemorn es I, 350 259 I, 420 219 40 
ee eee ee I, 170 197 I, 250 168 29 
GOS. co ccc cecbeseccccsvccus ce 1, 280 248 I, 400 212 36 
ree ere tee I, 030 208 I, 062 170 38 
QOS. nc cecdotevevcecnsiones se 1,125 225 1, 275 186 39 
res eee I, 380 262 I, 450 220 42 
SEE CR I, 140 234 I, 260 199 35 
MIB. oo voce cc emerot es oemeae sis 1,350 270 I, 362 223 47 
OO ics cv tepmyrs cues o hone ge 1, 375 261 1, 460 237 24 
Peay ore 00 reds oe divin w quiet oe I, 290 289 I, 320 248 41 
SCR EY Eee 198 I, 650 174 24 
oS ERE CTY Te ee I, 275 265 I, 330 226 39 
ee eee ee I, 360 265 I, 430 237 28 
BEND. 5a.0's, sla BEE MH 5.0.0: bans He I, 410 276 I, 525 238 38 
MR iho 3 Ew ow enow ends I, 170 243 | I, 200 192 51 
Me Cees te I, 210 237 I, 320 208 29 
DEES ft COREE TO I, 400 280 I, 430 237 43 
oS Seer Pee ere ee. 1, 670 331 1, 675 261 70 
WROD i sss i dvdregers ed evagmscte I, 350 270 | I, 450 250 20 
BOLO. 0. ccc cdo vcccccveviovese I, 110 242 | I, 125 207 35 
Pe Pe rereeey yr I, 030 208 | I, 120 177 31 
RY Ree tte ee ee I, 220 234 | I, 315 207 27 
MR oe ib oh ee seesectactee 920 189 | I, 000 168 a1 
MUM Spb i lca neas cape gs dseee I, 400 269 | I, 525 235 34 
BOG Eres ai Hever til 1,225 250 I, 370 208 42 
WOMB ets oc. eas. I, 150 212 I, 260 189 23 
TORT vanes cree oe oh ose aeeigy o's I, 320 246 1,475 218 28 
>, RASS ee ARR F 192 I, 030 171 a1 
_ SRappon aS cobrises I, 330 248 1,375 215 3 

SEEN §. 08 OIE I, 200 226 1,270 188 3 

RRR Pernt ener ney 1,075 208 I, 150 188 20 
DG ogre bse ¥ ar cane eatise on 1,150 230 1,275 189 41 
SR ict ntsc ob acer Roe ees I, 120 210 I, 200 187 23 
PS ct Weccck sspeeentnened I, 690 338 1, 680 292 46 
SS re ee red re I, 290 258 1,375 223 35. 
BGG. 4 ii.) 0 Ve AROT US HE AVS I, 020 194 I, 120 166 28 
BORE icy srews eye omemere’ +4 I, 390 234 I, 450 200 34 
BD ct HEN ceeaee cocamtweN 1,215 248 I, 370 228 20 
eee 1,225 238 I, 320 193 45 
LOGO. 0 ciccsscccvcecccoccere 915 174 I, 000 150 24 
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TABLE IV.—Loss of sugar in grams by individual beets during 98 days’ storage—Contd 





























Before storage. After storage. 
Tag No. Loss of 
Weight. | Suear | weight. | Sugar | “Mit 
| 

Gm. Gm. Gm. | Gm. Gm. 
SO. Inner ey I, 220 227 I, 325 | 207 20 
EE Ca ee es eee 880 | 178 925 | 153 25 
OEE oe ee es Soe? I, 220 | 208 I, 300 | 182 26 
ONE 2k ee Sree I, 090 229 I, 190 | 207 22 
I 05 :078:0 ts OOK onion ree 1,050 220 I, I10 | 184 36 
Se CL. Cee eet I, 120 213 I, 150 186 27 
|) SCORE th Le 1, 655 298 1, 680 | 255 43 
Bi iiss 0 ORE anise deat 945 170 975 | 150 20 
= OO Cs EL ee I, 540 |. 262 I, 550 | 236 26 
| EO ee ts I, 365 229 I, 450 | 226 3 
Ee ee Tee I, 275 204 I, 275 | 176 28 
8 56656 b AST so s000 PRB I, 310 231 I, 400 | 210 az 
EOC Ce eee aes I, 240 186 I, 225 | 164 22 
| I, 130 199 ¥, 275 | 181 18 
PRG sive sie Vb bes cawcbaatvals I, 230 256 1, 650 | 224 32 
nn, EE ee Docs 2,050 320 2,050 | 2g 29 
ee. Saree 9 eA I, O10 167 975 | 140 27 
5555 AER os icin ct CRA I, 420 250 1,375 217 33 
ee Care eee tr I, 365 185 I, 350 159 26 
WOO 565 FRI 6s oo RK 2, 260 344 2,150 318 26 
a BOE Ca Oe ea ee 1, 860 316 1, 850 274 42 
ao CL Lee 2,250 356 2,075 315 41 
ON Che? OMe ae 790 14 800 105 9 
eT Ce eee eo I, 325 244 I, 330 216 28 
| Nee 2) ee ek | 2, 340 356 2,350 348 8 
ARO Cee en ae I, 570 273 I, 550 254 19 
eh cy ST ee I, 400 218 1, 425 | 202 16 
Ee OE ee | I, 305 219 I, 325 | 204 15 
See Ce ea ek | 1, 480 252 | 1, 480 | 219 33 
Oh See es rr I, 155 201 | I, 170 185 | 16 
- I Ot Dee aan I, 490 241 | 1,475 | 206 | 35 
| SE OP Ee inet | I, 210 201 I, 200 | 173 28 
Ee CL ee eee | I, §30 257 I, 500 219 38 
EO oie oss POb cxcnes) SR | 1, 600 269 1, 600 246 23 
a LEO Le Le or oe | 1, 180 203 I, 160 165 38 
er et eer or I, 450 255 I, 435 224 31 
SEER ever cseceeevesestciak ets I, 315 213 I, 325 193 20 
oo ee oe eee ee I, 390 259 I, 400 216 43 
Bs iiss eh BORis cived Mo I, 160 169 1,175 148 2I 
| eer ee eee | I, 575 265 1, 625 | 247 18 








The results here given indicate that beets are irregular in gain or loss of 
weight during storage. Most of the beets gained slightly in weight. 
Some few remained constant as to weight, while others lost in weight. 
While the mere loss or gain in weight, due to water outgo or water intake, 
has its effect upon the percentage of sugar, it does not influence the sugar 
content of the beet. 

Of most consequence is the marked irregularity in the amount of sugar 
lost by individual beets during storage. This loss of sugar ranges from 
o to 154 gm.; that is, from o to 50 per cent of the total sugar content 
of the beet at harvest. Column 6 of Table IV gives the extent of this loss 
of sugar for each individual beet. Some of the reasons and conditions 
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leading to this loss of sugar will be given in a later paper on the storage 
of sugar beets.‘ 

Table V gives the correlation between sugar content of beets and loss of 
sugar in grams during storage. 


TABLE V.—Correlation between sugar content of beet in grams and the loss of sugar 
during storage 


Loss of sugar in grams. 











Sugar content in grams. 

1 to 20 | at to 40! 41 to 60| 61 to 80/81 to 100 oe = ny 
WOOO: engine ys «adi cme dogt 21 BE bi oads wen senets Her caled-atn bw smetecbase 
Ce rere ne 157 6 Bia ckels voane ee eee 
BO od bit vas hd Cant wd 56 | 213 43 2  k eere lueres aie melaes 
GRENG FOB cece ties hi NeP 86 32 ey a Aed Ste thie SSS At ee 
BOE WO B5Osiii asi ne hai ee es 2 13 19 Oise. o TUS Be EAN I 
BES ED, BOO ~ 06} 0.65 sr 0:0 wees plea ne « I 2 3 3 2 il sas shileremevis 
BOE WO Qa och neg y bie 0 wa gikee Oe go.blg an Capen. Cobt oemaclomen ealneb sas lin see Mae aati heave 
BAPAC OI, Sono vin a ac ewdnbeelecstawelh » dq dikes calamity Bilin s Raiekeadeedknet ans 


























The value of the coefficient is 0.476+40.018, which indicates a practi- 
cal certainty of correlation. The table shows in a general way the fallacy 
of testing sugar beets after storage and explains how a breeder’s lines 
selected from such tests may continue to fall in sugar content with 
succeeding generations. 

Table VI gives the correlation between the percentage of sugar in the 
beet at harvest and the loss of sugar in grams during storage. The 
value for r= 0.366 +0.020. 


TABLE VI.—Correlation between percentage of sugar in beet and grams of sugar lost 
during storage 





Loss of sugar in grams. 
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‘Pack, D. A. STORAGE OF SUGAR BEETS. (Unpublished.) 1923. 





Journal of Agricultural Research Vol. XXVI, No. s 





DISCUSSION 


Since sugar-beet factories cut their beets at harvest or after a short 
period of storage, the sugar-beet industry requires beets of high sugar 
content at harvest. This fact and the results of these investigations 
demand that our mother beets be tested in the fall after harvest. Since 
the average commercial sugar beet of the factories is stored 40 days on an 
average before cutting to make sugar, it might be advisable to test 
our breeding beets 40 days after harvest. In this event we should be 
selecting breeding beets which would be of high sugar content at harvest 
and have some storage qualities as well. Thus we would select with the 
expense of one testing those beets which would be most desired by the 
sugar companies. Under no circumstances would it appear advisable to 
make only one test on mother beets, and this test in the spring after the 
beets have been stored. 

If there comes a time when sugar companies are forced to store their 
beets over extended periods, those having good storage qualities will be 
desired, in which event beets containing such qualities can be selected 
and bred up from consistent tests made before and after storage. 


SUMMARY 


1. Failure to recognize the erratic variations between tests of sugar 
beets at harvest time and after storage until the following spring has 
probably led to confusion in the selection of desirable strains of beets in 
sugar-beet breeding work. 

2. Spring tests of sugar beets (made after the beets have been stored) 
are incomparable with the tests made at harvest. Spring tests are 
untrustworthy and give erroneous values for the quality of the beets at 
harvest. 

3. Individual beets show great irregularity in the percentage and 
quality of sugar lost during storage. 

4. Beets high in sugar and sugar content tend to lose more sugar 
during storage than do beets which are low in sugar and sugar content. 

5. Since sugar-beet factories cut their beets at harvest or within an 
average period of storage of approximately 40 days, it appears that 
strains selected as desirable for breeding purposes should be considered 
on the basis of fall rather than of spring tests. 

6. In order to understand clearly the comparative value of different 
strains of beets, the plant breeder should record both fall and spring 
tests and the conditions under which the beets were stored. 
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